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_ The aircraft industry is now 


the biggest and most impor- 
tant in the United States— 


. biggest and most important 


because successful prose- 
cution of the war hinges 
mainly upon the strength of 
Allied air power. On account 
of the magnitude of the air- 
craft industry, MACHINERY 
is devoting two special is- 
sues this year to airplane 
production. The July num- 
ber describes advanced 
methods in the plants that 
build the planes themselves; 
the August number will sup- 
plement this production 
information with articles de- 
scribing processes in plants 
that turn out engines, pro- 
pellers, and turbo-super- 
chargers for “‘powering”’ the 
planes that are winning the 
war, 
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Alt Power 
Unlimited! 


The United States today is producing 
more airplanes than the rest of the 
world—enemies and Allies combined! 
Attainment of fantastic goals has been 
achieved because of the phenomenal 
production strides made by the aircraft 
industry. Latest methods developed in 
airplane plants to meet the unprece- 
dented war-time demands are featured 
in this issue of MACHINERY, while 
new practices in airplane-engine and 
propeller plants will be described in a 
second Aircraft Production Section to 
be published in August MACHINERY. 
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By P. N. JANSEN, General Manager 
Airplane Division, Curtiss-Wright Corporation 


Building the Largest Twin-Engine 
Transport in the World Presents 
Problems Quite Different from 
Those Met in Small Fighter-Plane 
Construction. Some of the Curtiss- 
Wright Production Methods That 
are Helping to Meet the Critical 
and Ever Growing Need for Cargo 


Planes are Described in this Article PAGE 134 





NE of the most spectacular accomplish- 
ments of the American war effort has 
been the establishment of air transport 

service to all parts of the world—Britain, 
Africa, and the Near East, Alaska, Australia, 
India, and China. Shuttling back and forth over 
this far-flung network of air lanes, American 
cargo planes are carrying men and materiel in 
ever increasing quantity. The submarine men- 
ace in the Atlantic, the need for strongly fortify- 
ing Alaska, and the severing of the Burma Road 
have made it clear that air cargo transportation 
must be utilized to the fullest extent. 

Early in 1940, the Curtiss-Wright Corpora- 
tion completed the construction of America’s 
largest twin-engine transport, a plane designed 
primarily for commercial airline use. In 1941, 
the United States Army, after exhaustive tests, 
adopted this plane (the CW-20) for transport- 
ing troops and vital war equipment to our far- 
flung battlefronts. 

The current war model of this plane—the 
Curtiss Commando (C-46)—is equipped with 
two Pratt & Whitney 2000-H.P. engines, has a 


wing span of 108 feet, and is slightly more than 
76 feet long. As shown in the heading illustra- 
tion, the large hull can accommodate fully armed 
infantrymen, together with such equipment as 
jeeps, light field artillery, ammunition, spare 
engines, propellers, etc. In addition to the 
spacious fuselage, there are belly compartments 
for the storage of smaller cargo items. The 
Commando has a weight of approximately 14 
tons when empty and 22 1/2 tons when loaded. 
Late in 1941, it crossed the Atlantic from the 
United States to Britain in nine hours and forty 
minutes, non-stop. 

The very size of this plane alone would indi- 
cate that production efficiency lies in the direc- 
tion of utilizing sub-assembly operations ex- 
tensively and in carrying these along as far as 
possible before final assembly takes place. Thus, 
the fuselage is made up of five sub-assemblies, 
which are largely completed, from a structural 
standpoint, before they are spliced together. 
These five units are the nose section, forward 
section, center-panel section (to which the two 
wings are attached), aft section, and tail section. 
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In Fig. 1 is shown an assembly of the center 
upper forward section of the fuselage nearing 
completion. This fuselage unit is first assem- 
bled as an upper and a lower section, and these 
are then spliced together to make a complete 
sub-assembly. The workers employed in the 
assembly work, which consists of fitting, drill- 
ing, and riveting, are mostly women. The hold- 
ing fixture is designed to enable work to be done 
on the inside and outside of the fuselage section 
simultaneously. The complete lofting of all skin 
stampings facilitates rapid assembly. 

Fig. 2 shows a rigid fixture, fastened to the 
floor, which is used to hold the center-panel sec- 
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Fig. 1. This Fixture 
is Designed to Enable 
Work to be Done on the 
Inside and Outside of 
the 


Simultaneously. The Up- 


Fuselage Section 
per Section will Later 
be Spliced to a Lower 
Section to Form a Com- 
plete Sub-assembly 
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tion during the initial steps in its assembly. In 
the assembled plane, a wing is attached to each 
end of this section. As seen in the illustration, 
a plate is fastened to the assembly at each end, 
and two main locating pins lock the end plates 
to the fixture. In this fixture, the ribs of the 
center panel are assembled to the front and rear 
spars and the lower skin is attached. Special 
adjustable locators are shown along the trailing 
edge of the wing. These line up the center-panel 
flap hinges, and also prevent the hinge holes 
from being pulled out of line during the assem- 
bly of other parts. This wing section is about 
32 feet long, and has a chordal width of 16 1/2 


Fig. 2. Rigid Horizon- 


tal Fixture in which 
Initial Assembly of the 
Panel is 


Center Wing 





Carried on. Locators on 
Standards at the Right 
Hold Wing Flap Hinge 


Holes in Line 
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Fig. 3. (Right) Two Trunnion 
Dollies Support the Wing Panel 
after Its Initial Assembly. 
Tracks Guide Dollies to Suc- 
cessive Assembly Locations 


Fig. 4. (Below Left) Aft Fusel- 

age and Center Wing-panel 

Sections being Pushed together 
preparatory to Splicing 


Fig. 5. (Below Right) Here Fore 
and Aft Fuselage and Center- 
panel Sections have been 
Spliced together and the Joints 
Covered with Skin. Nacelles 
have also been Attached 


feet. The use of this fixture has made it pos- 
sible to assemble the center-panel section three 
times faster than when vertical fixtures were 
employed. The accessibility of all points of the 
assembly is largely responsible for the time 
saved. 

Following this stage of assembly, the partially 
completed wing panel is lifted out of the fixture 
and placed between two trunnion dollies, as 
shown in Fig. 8. These dollies are guided along 
a track to carry the center wing panel through 
each of the succeeding stages of assembly. The 
large handwheel shown on the dolly in the fore- 
ground turns a reduction gear, so that one man 
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can rotate the entire wing panel to any desired 
position. In this fixture, the bottom skin is com- 
pleted in a vertical position, and the top skin is 
attached. The more heavily braced construction 
seen at the middle of the panel is used because 
the cargo carrying floor of the fuselage passes 
over this area. 

A jig lowered from an J-beam above the panel 
is used for drilling twelve holes required for 
fastening the fuselage to the center panel. An- 
other fixture on rails holds a drill which can be 
moved up to either side of the center of the 
panel to drill holes for attaching the engine 
nacelles. These nacelles fit into the two open- 








Fig. 7. Plane Nearing 
Completion before Tak- 
ing to the Air for Flight 
Test. When Resting on 
the Tail-wheel, the Top 
of the Stabilizer Fin is 


Approximately 23 1/2 reer mere 
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Feet from the Ground 


ings in the leading edge of the wing panel at 
each side of the large center opening, as shown 
in Fig. 5. The fuselage itself fits into the center 
opening and is built around and extends for- 
ward and back from the center of the panel. 
The aft-fuselage and center-panel sections are 
shown being pushed together preparatory to 
splicing in Fig. 4. In Fig. 5 is shown the man- 
ner in which the forward, aft, and center-panel 
fuselage sections are supported while being 
spliced together. The center-panel section, sus- 
pended between two trunnion dollies, is moved 
into place, and then the cradle dollies holding 
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Fig. 6. 


along Basement Acces- 


Engines Move 
sory Assembly Line and 
are Lifted through the 
This Point, 


Ready for Fastening to 


Floor at 


the Nacelles 


the fore and aft sections are brought into the 
splicing position. In splicing these sub-assem- 
blies together, the stringers are joined and the 
entire joint is covered with skin. The main 
fuselage compartment for men, vehicles, or large 
cargo items, the girder supported floor, and 
the belly storage compartment underneath are 
clearly visible. The large opening in the lower 
section is the doorway to the belly compartment. 

As the Commando plane moves down to final 
assembly, the Pratt & Whitney engines move 
along an accessory assembly line in the base- 
ment of the assembly plant. On arrival at the 











od a o- Se ay 4 ces! = 


ima 


COMMANDOS FOR MILITARY AIR TRANSPORT 


bottom of the motor pit, they are complete and 
ready for attachment to the nacelles. Fig. 6 
shows one of the engines being lifted out of the 
basement for attachment to the plane. The 
blister on the top of the fuselage is the celestial 
observation window used for navigation star 
and sun observations. 

The three final assembly lines for the Com- 
mando plane describe a huge S curve, and as 
the ship arrives at the end of these lines, as 
shown in Fig. 7, it is ready for the final touches 
before it takes to the air. The large tail-wheel 
of the nearest plane is shown fully extended. 


A comparison of this tail-wheel landing 
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assembly with one used on a P-40 fighter plane, 
as shown in Fig. 9, is particularly impressive 
as an indication of the relative size of this plane. 
Some of the machining operations on the land- 
ing-gear assembly parts are of interest. 

The milling of a slot in the steel landing-gear 
retracting arm is accomplished as shown in 
Fig. 8. Two 13 1/2-inch cutters are used in the 
center and two 13-inch cutters on the side. 
About 1/2 inch is taken off one side of the slot 
and 3/8 inch off the other. The cutters revolve 
at 13 R.P.M., with a feed of 1/4 inch per min- 
ute. The material is steel, heat-treated to a 
hardness of 38 to 41 Rockwell C and having a 
tensile strength of 180,000 to 200,000 pounds 
per square inch. 

The work passes down through the first set 
of cutters as they rotate in a counter-clockwise 
direction. Then the table is moved transversely 
to bring the work into line successively with the 


Fig. 8. (Left) Milling Slot in Steel 
Landing-gear Retracting Arm. Two Sets 
Right End of Spindle 
are Used Subsequently to Face Pads on 


of Cutters al 
Part of Work Projecting to Rear 


Fig. 9. of Tail- 
wheel Assembly of Curtiss P-10 Fighter 
Plane (Center) 


Assemblies for Commando Planes 


(Below) Comparison 


and Two Tail-wheel 








second and third sets of cutters, which face, to 
the proper widths, the pads shown on the arm 
projecting from the rear of the work-piece. 
Another operation on a landing-gear part is 
shown in Fig. 10. The three slots in the end of 
this fitting were previously end-milled. The 
time required was 198 minutes per piece. The 


present method of flame-cutting the slots with 
an oxy-acetylene torch takes only ten minutes. 

The use of a circular base with an American 
radial drill, as shown in Fig. 11, enables the 
operator to drill several different work-pieces in 
Loading and unloading can 
“arried on at one section of the table 


quick succession. 
also be 
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Fig. 10. 
Three Slots in Landing- 


Flame-cutting 


gear Part in 10 Minutes. 
Previous Method of Mill- 
ing These ‘Slots Took 


198 Minutes 
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while work is being drilled at some other sec- 
tion. Another advantage of this arrangement 
is that heavy fixtures which hold work not im- 
mediately in demand may be allowed to remain 
on the table while other jobs are set up and run. 
The parts shown being drilled are for use in the 
landing gear. 

A number of improvements have been incor- 
porated in one of the Onsrud automatic contour 
milling machines used for milling wing spars. 
The first alteration was made so that the ma- 
chine could mill a spiral and a 29-inch radius on 
the back of the wing spar with various angles 
at different stations, and at the same time scribe 












Fig. 11. Use of Circu- 
lar Platform with a 
Radial Drill 
Several Work-pieces to 
be Drilled in Quick Suc- 
Loading 

Other 


Work Simultaneously 


Enables 


cession while 


and Unloading 
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lines for cutting. A 9-inch radius cam mounted 
on the angle-iron already in use on the milling 
machine, and a cam cut to the angle to which 
the work-piece was to be milled, were both tried 
and proved unsatisfactory. Finally, a square 
cam, much heavier than the original, was 
mounted on a 5/8- by 4-inch by 20-foot angle- 
iron, as Shown in Fig. 12. This cam gave satis- 
factory performance, and the increased weight 
of the cam, together with the heavier angle- 
iron, provided greater rigidity. 

The rear roller was at first mounted solid with 
the gib that supported the motor. It was found, 
however, that each time the angle of the motor 
was changed the rear cam on the milling ma- 
chine had to be reset to suit the changing con- 
tour of the spar. This difficulty was solved by 
cutting the gib in half. A simple adjustment of 
the rear roller leg then secured the correct angle 
for the particular job being handled. 

A second alteration was made to improve the 
coolant supply to the horizontal cutter and to 
provide a means of clearing away the chips. As 
shown in Fig. 13, an atomizing type of nozzle, 
constructed somewhat like an injector, was 
evolved in which the coolant was mixed with 
compressed air. To make this nozzle, a length 
of 1 1/2-inch steel tubing was tapered at the 
outlet end by cutting slots, squeezing the tube 
to a smaller diameter, and brazing it solid. A 
length of 3/4-inch steel tubing was then inserted 
into the 1 1/2-inch tubing, the void between 



















Fig. 12. (Above) Contour Mill- 
ing Machine was Adapted for 
Milling Wing Spars by Using 
Square Cams Mounted on Heavy \! Na 
Angle-iron and by Cutting Gib 
that Supports Motor and Rear 
Roller in Half. Fig. 13. (Right) 
A Compressed-air Atomizing Jet 
Forces Coolant against Milling 
Cutter Rotating at 5100 R.P.M., 
and Air Jet at Side Clears 


Chips ahead of Carriage Wheels 


2 etl Reta 


them was closed, and the entire end brazed into 
a solid unit. The addition of a 5/8-inch tubing 
connection to the side of the 1 1/2-inch tube 
provided the coolant inlet. The compressed air 
was connected to the 3/4-inch tube, thus giving 
the coolant pumped onto the work added force, 
so that the cutter was flooded and the chips 
cleared away. It will also be noted from the 
illustration that there is a compressed air jet 
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Fig. 15. Heavy Spot-welded 
Assemblies are Easily Handled 
by Women with the Aid of Sus- 
pension Holding Devices. The 
Spot-welding Machine Shown 
has a Throat Depth of 4 Feet Bers ere SNe 





so located as to clear away any chips on the 
track as the milling carriage moves forward. 
One of the most recent additions to the large 
production equipment in this shop is the new 
type of automatic multiple riveter illustrated in 
Fig. 14. This riveter was designed by the 
General Engineering Co. under the direction of 
Curtiss tool engineers to handle the heavy and 
extensive riveting work on the 30 and 70 per 
cent spars of the Commando plane. A time 
study shows that this machine has effected a 
saving of twenty-five man-hours per spar in 
riveting time. The operation of the riveter is 
automatic after the spar has been placed in the 
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Fig. 14. Automatic Multiple 
Riveting Machine Used to Handle 
Heavy and Extensive Riveting 
Work on the Commando Spars, 
Both Sets of Riveting and Buck. 
ing Heads are Automatically 


Positioned and Actuated 































light receiving frame. This frame carries all 
the tracks and cams that automatically position 
and operate the riveting rams. Each stroke of 
one riveting unit will compress eight 3/16-inch 
rivets, or a total of sixteen 3/16-inch rivets for 
both heads. 

Quite heavy work-pieces, such as the side cow! 
section of the engine nacelle shown in Fig. 1), 
are handled easily by one operator when spot- 
welding, with the aid of a clip type of suspen- 
sion device. The particular spot-welding ma- 
chine shown is a Sciaky model, and has a throat 
depth of about 4 feet, which permits relatively 
large sub-assemblies to be accommodated. 
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A rather difficult forming operation is illus- 
trated in Fig. 16. The pieces shown are fair- 
ings for the celestial dome or transparent over- 
head observation blister. These fairings are 
completely formed and trimmed on the Cham- 
bersburg drop-hammer shown. Each‘ piece is 
first formed under a rubber blanket, and is then 
taken to a heat-treating furnace. After heat- 
treating, it is restruck on the drop-hammer un- 
der the rubber blanket with the same die to 
correct any deformation introduced by heat- 
treating. The final operation is to strike the 
piece in the same die without the rubber blanket, 





Fig. 17. (Right) A_ Difficult 
Due 


Sharp Draw Required. Drop- 


Forming Operation to 


hammer Trims Piece and Culs 


Notches, as Shown at Right 
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so that the outside flash and the inner rim of 
the circular opening are sheared to the finished 
size. Both die and punch are made of Kirksite. 
The material is 0.040-inch 24-SO aluminum 
alloy. 

Another difficult drop-hammer operation is 
illustrated in Fig. 17. Here, again, the part is 
formed and trimmed, and the sequence of oper- 
ations is the same as for the celestial dome fair- 
ing. During the final trimming operation, the 
notches shown along the right-hand edge of the 
finished piece are also cut. This is a somewhat 
difficult operation because of the sharp draw. 


Fig. 16. (Left) Forming and 
Trimming of Celestial Dome 
Fairing are Accomplished in 
Three Drop-hammer Opera- 
Finished Piece Shown 


at Left 


lions. 











HE high output demanded today from 

aircraft plants to meet the urgent needs 

of fighting fronts the world around stim- 
ulates production men to employ their utmost 
ingenuity in devising time-saving manufactur- 
ing methods. Standard machines and methods 
have not yet been developed for producing all 
types of aircraft parts to the high quality re- 
quired and in the minimum time. Frequently, 
therefore, occasions arise when production prob- 
lems can best be solved through the application 
of special machines or tooling. 

Many unusual methods have been worked out 
by tool engineers and production men in the 
North American plant at Inglewood, Calif., to 
turn out parts at unprecedented rates for two 
of America’s most famous planes—the Mustang 
P-51 fighters, which were the first single-engine 
American planes to penetrate Germany, and the 


Mitchell B-25 medium bombers, which were 
used exclusively in the raid on Tokio and which 
have since appeared on every fighting front 
around the globe. Some of these methods have 
previously been described in MACHINERY; the 
more recent developments will be discussed in 
this article. 

In forming many parts to shallow depths 
from aluminum alloy sheets on hydro-presses, 
it is practically impossible to avoid wrinkles 
along the edges that are forced down the sides 
of the Masonite forms by the rubber pads on 
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the press ram. The practice in the past has 
been to hammer out such wrinkles by hand, with 
the parts held on wooden blocks. This consumes 
much time and greatly increases the cost. 

At the North American plant, the wrinkles 
are now smoothed out while the formed pieces 
are still on the hydro-press by placing wedges 
of Kirksite into grooves provided on the Mason- 
ite blocks in the manner shown in Fig. 1, after 
the pieces have been formed under the press 
ram in the conventional manner. These wedges 
are made to the same contour as the sides of the 
Masonite blocks, and have flat tops which are 
slightly higher than the work after the wedges 
have been placed in the Masonite forms. With 
the wedges in place, the work-table is returned 
under the press ram, and when pressure is ap- 
plied, the wedges are forced to slide down the 
angular surfaces on which they are seated and 
are brought into firm contact with the flanges 
of the formed pieces. All wrinkles are effectively 


ironed out in this way, and the flanges are 
formed at a true right angle with the top sur- 
faces of the parts, or to less than 90 degrees if 
desired. Dowels on the Masonite forms fit slots 
in the wedges to locate the wedges lengthwise. 
These Kirksite wedges are about 3 inches 
wide and have a maximum thickness of 1 1/2 
inches. Most of the forming work is performed 
on a Williams & White 3000-ton hydraulic press 
equipped with four tables, which are also actu- 
ated hydraulically. A pressure of about 1290 
pounds per square inch is exerted in forming. 
The use of dies made completely from Kirk- 
site for both blanking and forming in one oper- 
ation has proved very satisfactory for parts of 
comparatively shallow depth. Fig. 4 shows a 
typical operation in which three dish-shaped 
fairing pieces are simultaneously blanked and 
formed from a rectangular sheet of aluminum 
alloy. When the photograph was taken, an 
operator had lifted one of the pieces from the 
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Kirksite block, but the two remaining pieces 
and the scrap were still in place. 

Success in operations of this type depends 
upon stretching the material almost to the break- 
ing point around the edges to be sheared. Thus, 
the die was made with a circular recess or trap 
about 1 1/4 inches wide by 1/4 inch deep around 
each cavity at a radius from the center of the 
cavity that would allow a flange of the required 
width around the part. When the press ram 


comes down, the rubber on the ram forces the 
metal first into these traps, then draws the 
metal to the bottom of the cavities, and finally 
shears off the scrap around the inner edge of 


Fig. 1. The Use of Kirk- 
site Wedges in Hydro- 
press Operations Elim- 
inates Wrinkles around 
the Formed Duralumin 


and Steel Pieces 





each trap. The shearing edges are not especially 
sharp, being merely bored to a right angle with 
respect to the top of the die. They have been 
found to stand up indefinitely. 

The Kirksite die shown is about 5 inches thick, 
and as the rubber pads on the press ram are 
only 7 inches thick, it was found desirable to 
stack pieces of rubber on the hydro-press table 
around the die-block, as shown, so as to insure 
application of the full ram pressure on the work 
blank and also guard against damage to the 
press. 

Tremendous savings in time have been effected 
through the development of the stretching ma- 






Fig. 2. Fixture Provid- 

ed with Springs that 

Hold a Cam in Contact 

with a Roller on the 

Cutter-spindle for Per- 

forming a Contour Mill- 
ing Operation 
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Fig. 3. Stretching Ma- 
chine of Special Design 
which Saves Much Time 
in Forming Rolled and 
Extruded Shapes,Tubing, 
and Sheet-metal Strips 





chine illustrated in Fig. 3, which is used in 
forming extruded and rolled shapes, tubing, and 
narrow widths of sheet metal. The machine is 
built with a stationary table on which a form is 
mounted having a contour corresponding with 
the shape to which the work is to be bent. A 
heavy block, mounted on an J-beam that extends 
to the rear, firmly supports the form during the 
stretching operation, there being two heavy ad- 
justable screws on the block which bear against 
the back of the form. 

On each side of the table there is a large 
structural swinging arm equipped with a hy- 
draulic cylinder. The piston of each cylinder 


rai 


Fig. 14. Kirksite  Die- 
block Used in Conjune- 
lion with Rubber Pads 
on a Hydro-press for 
Blanking and Drawing 
Dish-shaped Pieces in 
One Operation 






















carries a head, as seen in the right foreground, 
in which there is a T-slot to receive a corre- 
sponding tongue on a clamp fastened to the end 
of the piece to be stretched. At the beginning 
of an operation, both arms are in a straight line 
extending across the front edge of the form. 
The piece to be stretched is fastened to each of 
the arms, and then pressure is admitted to the 
hydraulic cylinders for pulling the stock taut. 
Each cylinder exerts a tension of about 600 
pounds on the stock. 

Power is next applied by an electric motor, 
through a gear reduction unit and steel cables, 
to swing the two arms in unison toward the back 






























































Fig. 6. An Air Motor Mount- 
ed at One End of the Table 
on the Machine Shown in 
Fig. 5 Drives the Lead-screw 


to Feed the Table 





of the machine. Each of the arms can be swung 
through an arc of somewhat more than 90 de- 
grees, as required for the individual operation. 
On extruded shapes, as in the case of the angle 
shape seen being formed in the illustration, the 
form is grooved to receive flanges on the stock. 
The practice is to stretch parts not more than 
one-half of 1 per cent along the inside, and thus 
wrinkles are avoided. In addition to an excep- 
tionally high output, an outstanding advantage 
of this machine is the fact that new forms can 
be made in minimum time. 

Many unusual tooling set-ups have been de- 
signed to facilitate the work of the machine 
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Fig. 5. Profile Milling Op- 
in which the Work 


is Accurately Guided along 


eration 


the Cutter by a Templet on 
the Back of the Table and 


a Stationary Guide Pin 














shop. In Fig. 2, for example, is shown an in- 
genious fixture that enables two right- and left- 
hand landing-gear pivot castings to be milled 
simultaneously along a surface of constantly 
changing contour. The castings are of mag- 
nesium. 

This fixture is constructed with a base on 
which there is a member that is permitted 4 
certain amount of vertical movement. The work- 
pieces are clamped on opposite sides of this 
movable member. At the top of the central wall 
to which the work-pieces are clamped there is 
a cam that extends the full length of the fixture. 
This cam corresponds with the contour to be 
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NORTH AMERICAN PRODUCTION SHORT-CUTS 


milled on the magnesium castings. It bears 
against a ball-bearing roller, mounted on the 
cutter-arbor between two slab milling cutters. 
The cam is held in close contact with this roller 
through the action of four extension coil springs 
at each end of the fixture, which are placed be- 
tween the base and the movable member. 

In an operation, the movable fixture member, 
together with the work-pieces, rises and falls in 
accordance with the changing contour of the 
cam as the table is fed past the cutters. Both 
roughing and finishing cuts are taken. In rough- 
ing, stock to a depth of 3/16 inch and to a maxi- 
mum width of 3 1/2 inches is removed from 


Fig. 8. Another View of the 
Fixture and Cutter-head II- 
lustrated in Fig. 7, Showing 
Method of Advancing Cutter- 
head along Fixture 
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each casting at a feed of 25 inches a minute. 
The cutters are 3 1/2 inches in diameter, and 
are run at 445 R.P.M. 

Another contour milling operation, which is 
being performed on a hand milling machine 
instead of on a far more expensive machine tool 
as in the past, is shown in Fig. 5. This opera- 
tion consists of profiling dive brakes from 1/4- 
inch thick steel plates by employing a special 
end-mill, which is guided in the desired path 
around the work by the use of a pin on a bracket 
bolted to the machine column and a templet 
mounted on the table in back of the work. 

In and out movements of the table are effected 


Through the Use of 
a Special Cutter-head Driven 
from a_ Flexible-shaft Ma- 


chine and a Suitable Fixture, 


Fig. 7. 


Flanges are Machined to the 
Required Contour on Carbu- 
retor Air Scoops 


















by a long lever, which is swung up and down 
by the operator to revolve a pinion on the left- 
hand side of the knee, as seen in the illustration. 
The pinion engages a rack on the under side of 
the regular machine saddle. The table is fed 
longitudinally by an air motor, mounted on the 
right-hand end, as seen in Fig. 6, which drives 
the table lead-screw through worm-gearing. 
Opposite sides of carburetor air scoops are 
made with two flanges designed to fit the con- 
tour of engine cowling. Formerly it was the 
practice to file these aluminum castings prepar- 
atory to assembling, and the filing time per 
casting was 45 minutes. Now, through the use 
of a special head with three fly cutters, ar- 
ranged as seen in Fig. 7, and a fixture equipped 
with guide bars of similar contour to the flanges 
to be finished, these castings are prepared for 
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Fig. 9. 
Operation in which the 


Another Milling 


Required Profile is Pro- 
duced by the Use of a 
Templet and Roller 








assembly in a floor-to-floor time of only 12 min- 
utes. The cutter-head is driven by a Strand 
flexible-shaft machine, and is fed along the work 
by a lead-screw which the operator turns by 
hand. The lead-screw is attached to the tool- 
head and extends through a nut mounted on the 
fixture. 

Fig. 8 shows an operation actually in pro- 
gress. It will be seen that the cutter-head slides 
along light bars which were bent to the required 
contour before assembly to the jig, so as to 
serve as cams. In addition to increased output, 
complete interchangeability of air scoops has 
been achieved by this finishing method. 

Another profile milling operation greatly sim- 
plified by the development of a special fixture is 
illustrated in Fig. 9. In this case, a landing- 
gear hook, forged from chromium-molybdenum 


Fig. 10. Vill- 


ing Set-up Devised for 


Special 
Simultaneously —Finish- 
ing Four Surfaces that 
Back 


were Previously 


Spot-faced 
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Fig. 11. Ingenious Tool- 
ing Set-up Devised for 
Turning Parts to Spher- 
ical Contour on a Tur- 


ret Lathe 
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steel, is milled to a changing contour as the 
operator turns a handwheel on the fixture to 
feed a slide crosswise on the table. Spring 
tension holds a roller on the slide against the 
profile of a templet mounted on the left-hand 
end of the fixture, with the result that the work 
is held constantly in contact with the cutter. 
Previously, the practice was to set up the work 
on a milling machine and operate the various 
feed dials of the machine to feed the work past 
the cutter in accordance with a line scribed 
around the work. 

A special arrangement devised for simultane- 
ously face-milling both ends of two hinge open- 
ings in large aluminum castings is shown in 
Fig. 10. Four cutters, 1 1/4 inches in diameter 
by 1/2 inch wide, are used. These cutters are 
mounted on two special brackets, which are at- 
tached to the regular over-arm of the milling 
machine. The spindles on which each pair of 
cutters is keyed are driven from gears on a long 
arbor attached to the regular spindle of the ma- 
chine, which extends through both bracket type 
cutter-heads. The drive from the arbor gears 
to the small cutter-spindles is effected through 
intermediate gears. The milling operation is 
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performed by feeding the work upward to the 
milling cutters. Before this method was devised, 
the practice was to back spot-face all four sur- 
faces, which was a slow and tedious process. 

A tool made up for turning parts of spherical 
shape on a turret lathe is illustrated in Fig. 11. 
This device consists of a swinging arm, mounted 
on a stationary bracket which is keyed to a block 
on the cross-slide. The swinging arm carries a 
tungsten-carbide tipped tool which can be set at 
various radii with respect to the arm pivots for 
turning spheres of different diameters. The 
swinging arm is actuated by means of a link, 
which connects it to one of the faces of the 
hexagon turret, when the turret is fed forward 
or backward along the lathe bed. 

In the particular operation shown, a spherical 
surface must be turned off center on the part, 
and the work-piece, therefore, is mounted on a 
special arbor, so that the surface being ma- 
chined revolves on the axis of the headstock 
spindle. The specified spherical diameter is main- 
tained within plus 0.001 inch, minus nothing. 

Additional ingenious fixtures and methods 
employed in this plant will be described in a 
coming number of MACHINERY. 
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ACED with the challenge of increasing 
both production and the life of milling cut- 
ters, the Vega Aircraft Corporation began 
an experiment with carbide-tipped milling cut- 
ters in the summer of 1941, and through exten- 
sive research, redesign, and tests has solved the 
milling cutter problem. Prior to the time men- 
tioned, large normalized wing fittings, forged 
from SA E 4140 steel, were milled on three sides 
with a 6-inch high-speed steel face mill that was 
run at a cutting speed of approximately 60 feet 
a minute with a table feed of from 3 to 4 inches 
a minute. The depth of cut was from 1/32 to 
5/32 inch on the base and from 1/8 to 3/16 inch 
on the sides. With this method, each piece re- 
quired about 2 3/4 minutes of cutting time, and 
it was necessary to regrind the cutters after 
every sixty to seventy fittings. The time con- 


By R. G. OWEN 
Supervisor of Standard and Attachment Tooling 
Vega Aircraft Corporation, Burbank, Calif. 


sumed in grinding the cutters was 1 1/2 hours 


per cutter. 

In order to speed up production in this opera- 
tion, the writer developed a face mill type of 
carbide-tipped cutter having four replaceable 
tool bits made from lathe tools. This cutter was 
of somewhat novel design in that each bit or tip 
cut independently of the others. It could be 
classed as a combination face mill and fly cutting 
tool, since the bits were adjustable for height, as 
indicated in the drawing of this tool, Fig. 2. 

After extensive experiments with this tool, it 
was determined that a cutting speed of 525 feet 
a minute, together with a table feed of 101/2 
inches a minute, gave the best results. However, 
in view of the draft angle of the forgings and 
the amount of material to be removed from the 
sides, it was decided that only the base of the fit- 
tings should be milled with the new cutter. Only 
50 seconds was required to machine the fitting 
bases, and it was found that one set of carbide 
inserts lasted for from 100 to 125 parts before 
regrinding was necessary. This showed that 
the use of carbide-tipped cutters not only re- 
duces production time tremendously, but also 
results in increased life of the cutters. 

Encouraged by this first success, more exten- 
sive experiments were embarked on. In June, 
1942, designs were started for making cutter 
bodies from aluminum bronze, manganese 
bronze, cast steel, cast iron, steel plate, and steel 
bars. This large variety of materials was selected 
with the realization that the factors of prime 
interest—namely, the cost of material, shock 
resistance, machinability, and brazing character- 
istics—would influence the final selection of the 
materials to be adopted for cutter bodies. By 4 
process of experimentation and elimination, the 


Fig. 1. Assorted Hyper- and High-cycle 
Milling Cutters in a Tool-crib Cabinet 
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following materials were selected as suitable: 
(1) Cast iron having a tensile strength of ap- 
proximately 50,000 pounds per square inch; (2) 
normalized cast steel having a tensile strength 
of from 60,000 to 90,000 pounds per square inch; 
and (3) SAE 1020 to 1050 bar stock or plate 
steel. 

Although manganese bronze proved very satis- 
factory for cutter bodies, this material was elim- 
inated because of the high cost. Aluminum 
bronze proved unsatisfactory because of the diffi- 
culty of brazing with either silver solder or 
bronze. Other materials were rejected for rea- 
sons of impracticability. 

The first carbide-tipped cutters for machining 
steel in production quantities were of the face 
mill type. In determining the number of cutter 
tips to provide on a tool, various ratios were tried 
out. Some cutters were designed with one tip 
per 2 inches of cutter body diameter, some with 
one tip per inch of cutter body diameter, and 
others with one tip per inch of cutter body diam- 
eter plus two tips; in the latter case, for example, 


a cutter body of 6 inch diameter would be pro- 
vided with eight tips. While the last formula 
proved to be the most suitable, it was found that, 
in some cases, the tip ratio had to be higher. This 
depended upon the material, the type of cut to be 
taken, and last, but not least, on the type of 
equipment and its condition. 
Hyper-milling—that is, the milling of steels 
with carbide-tipped cutters designed as explained 
in the following—has proved very successful in 
machining normalized or annealed steels, nickel 
alloy steels, S A E 4130 and 4140 steels, and sim- 
ilar materials. Cutting speeds of from 375 to 
1000 feet a minute can be used, the speed also 
being dependent upon the individual job and the 
equipment. Hard-and-fast rules for cutter speeds 
covering all types of cutters should be avoided. 
Proper cutting speeds and feeds go hand in 
hand, and vary inversely. At the relatively low 
cutting speeds of from 375 to 400 feet a minute, 
the feed per tooth should be approximately 0.005 
to 0.007 inch. As the speed increases, the feed 
must drop proportionately to a minimum of from 
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0.0005 to 0.001 inch per tip at 1000 R.P.M. At no 
time should the feed of a carbide-tipped tool be 
as low as 0.0005 inch per tooth. The carbide tip 
should be actually cutting at all times. 

It has been Vega experience that a carbide- 
tipped milling cutter can be dulled in from three 
to five minutes if the feed is lighter than 0.0005 
inch, because with such a feed, a burnishing 
action is set up and heat is generated on the edge 
and bottom side of the tip where there is little 
or no shearing action, with the result that the 
metal being milled is caused to compress instead 
of flowing ahead of the cutter tip. For best re- 
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sults, the depth of cut should be held to less than 
3/16 inch when using a carbide grade that offers 
resistance to both shock and abrasive action. 
Heavier cuts may be taken by using tougher 
grades of carbide or those that have very high 
shock resistance. 

There is a distinct advantage in providing a 
negative rake angle on the carbide tips of milling 
cutters, as indicated at A, Fig. 2, and in inclining 
the cutter blades at an angle B from true radial 
positions. Locating the blades at an angle with 
the radial position, and with the inner edge lead- 
ing the outer edge, has been proved by extensive 
tests and production runs to be most effective in 
giving a better machine finish and increasing the 
number of parts obtainable per grind. A nega- 
tive rake angle has less effect upon production 
and cutter performance. It should be remem- 
bered also that, to make a cutter with a negative 
rake and also set the blades to an angle B, would 
necessitate much greater horsepower for driving 
the cutter than would be the case with a cutter 
having the blades set at angle B but with a posi- 
tive or neutral rake. 

To give absolute rake angles and blade angles 
would be impractical, in view of the fact that 
application of carbide-tipped milling cutters is 
still in the experimental state. Consequently, 
any rules based on formulas are as yet without 
sufficient proof and are of academic value only. 

Cutting speeds may vary from 75 to 400 feet 
a minute, depending upon the hardness of the 
material. For example, steel of 600 Brinell hard- 
ness can be milled at 75 feet a minute, but if the 
hardness is decreased, a faster speed can be 
employed. A large face mill of the true Vega 
hyper-milling type is shown in the middle fore- 
ground of Fig. 3. This cutter is 12 inches in 
diameter by 3 inches thick, and weighs over 60 
pounds. The thick backing provided for the cut- 
ter tips should be particularly observed. Cutters 
of this type must have sufficient weight to pro- 
duce the momentum necessary to withstand shock 
and eliminate backlash and thrust motion. 


Fig. 2. Construction Drawing of a Typi- 
cal Carbide-tipped Face Mill for Machin- 
ing Steel, which Shows the Negative Rake 
1 and the Angle B Offset of the 


Carbide Tips from Radial Lines 


Angle 
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CARBIDE-TIPPED MILLING CUTTERS 


Lighter face mills have been used on the same 
jobs as the heavier type of cutters, and it was 
found that the life per grind is in favor of the 
heavier cutter in the ratio of 2 to 1. Tests were 
also conducted in which lighter cutters were used 
in combination with flywheels to make their 
weight equal to that of the larger cutters. The 
results indicated that the lighter cutters lasted 
50 per cent longer when they were used with 
flywheels than without them. These experiments 
have shown convincingly that hyper-milling cut- 
ters, of the face mill type especially, must have 
ample backing for the cutter tips and be as 
heavy as it is reasonably safe to handle. 

Approximately 135 face mills of various sizes 
are in use at the Vega shop at present, and an 
additional 50 cutters ranging from 4 inches in 
diameter upward are being made in the Vega 
shop and by outside venders. Some of the cutters 
in constant use are shown in Fig. 3. All but two 
are made with bodies of boiler plate. The large 


slitting saws at the rear, left and right, are 
16 1 2 inches in diameter, and were designed for 
slitting a special wing fitting of SAE 4140 
chromium-molybdenum steel. The finished slit 
width must be within 0.339 and 0.349 inch. The 
slit is 3 inches deep and approximately 7 inches 
long. This slitting operation is illustrated in 
Fig. 4. 

A special attachment locked to the over-arm of 
the milling machine is provided with two dogs 
that maintain a positive contact against the sides 
of the cutter directly above the work and as near 
as possible to the outer edge of the cutter. This 
attachment acts as a vibration dampener, and is 
largely responsible for the exceptional perform- 
ance of this cutter. Before this method was de- 
veloped, the slitting of this part was a slow and 
costly process, taking 94 minutes for roughing 
and finishing, whereas the slot is now milled in a 
total time of only 3 minutes. Thus, a saving of 
91 minutes per piece is realized, and, besides, a 


Fig. 3. Assortment of Cutters Used in the Vega Shop in Hyper-milling Operations on Steel Parts 
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Fig. 4. (Above) Operation in which a 
Carbide-tipped Saw Cults a Long Slit 
in SAE 4140 Fittings in Record Time 


much better finish is obtained. Work rejections 
have been greatly reduced. 

Four grades of carbides are recommended for 
use on the hyper-milling cutters, two grades for 
cutting steel and two for cutting duralumin and 
other materials. Experience has shown that the 
four grades are sufficient for machining 90 per 
cent of the work. The proper selection of grades 
for different materials requires considerable 
experimentation. 

Much of the credit for the development of the 
carbide-tipped hyper-milling cutters goes to a 
small group of Vega men who were convinced 
that more efficient milling methods could be de- 
vised than were in practice in 1941. These men, 
Harry Katt, Ray Katland, and Richard Daugh- 
erty, tool designers; Gene Strawn, machine shop 
foreman; George Humphries, machine shop tool 
man; J. Haldeman, manager of the tool engineer- 
ing department; Bert Loyd, superintendent of 
manufacturing engineering; and the writer, 
were imbued with an idea and the conviction that 
it could be carried out. Through their contribu- 
tion, important savings in time, materials, and 
cost have been achieved. Messrs. Katt, Owen, 
Strawn, and Humphries are seen in that order 
from left to right in the heading illustration. 

Carbide-tipped milling cutters for the high- 
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Fig. 5. (Below) Various Car- 
bide-tipped Cutters Used on 
High-cycle Milling Machines 
Operated at Spindle Speeds 
of 3500 to 15,000 R.P.M. 













































































cycle milling of aluminum alloys are also used ex- 
tensively in the Vega shop. There are five high- 
cycle milling machines in service built with 
spindles that are adaptable to horizontal or ver- 
tical applications. The spindle speeds range from 
3500 to 15,000 R.P.M., so that cutters can be 
operated at speeds of from 5000 to 25,000 feet 
per minute. Over 90 per cent of the cutters used 
on these machines are carbide-tipped. 
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MILLING CUTTERS 


Fig. 6. (Below) Tool-crib At- 
tendant Holding Two Carbide- 
tipped Milling Cutters of 
the End-mill Type Used on 
High-cycle Milling Machines 
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X- An assortment of these cutters is shown in 
h- Fig. 5, while Fig. 6 shows a crib attendant hold- 
th ing two end-mills designed especially for use on 
ay the high-cycle milling machines. The rake angle 
ym on these cutters is positive, and amounts to be- 
be tween 7 and 15 degrees, while the cutting edges 
et are inclined from the radial position at similar 
ed angles, with the outer edge of the blades ahead of 


the inner edge; this is directly the opposite of 





Fig. 7. (Above) Two 10-inch Carbide- 
tipped Slitting Saws Run at 23,000 


Feet per Minute in Cutting Aluminum 


the position of the blades on hyper-milling cut- 
ters. Two- and three-tipped cutters, such as seen 
on the upper shelf in Fig. 1, are also used on 
high-cycle milling machines. 

By the use of carbide-tipped cutters, produc- 
tion of aluminum parts has been increased on 
many jobs as much as 500 to 1000 per cent. In 
straddle- and face-milling operations, table feeds 
up to 150 inches per minute are used, and in 
some cases, where light facing cuts are taken, the 
table is traversed at 300 inches a minute. Best 
results are obtainable with a feed of 0.001 inch 
or more per cutter tooth on the high-cycle milling 
machines, if a solution of soluble oil and water, 
finely atomized by air, is directed at the point of 
tip contact with the work. 

Two carbide-tipped slitting saws are seen be- 
ing used in Fig. 7 for cutting segments from a 
bar of 24 ST aluminum. The cutting speed of 
these saws is approximately 23,000 feet per min- 
ute, and the feed per tooth is from 0.0015 to 
0.002 inch. The body of these saws is made of 
boiler plate. The width across the carbide tips 
is 1/4 inch. A large number of these saws in 
diameters of 4, 6, 8, and 10 inches are in con- 
stant use. 

Owing to the speed that can be used with these 
carbide-tipped slitting saws, it was found neces- 
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sary to provide adjustable air vises for holding 
the work-pieces, since with ordinary hand-screw 
clamping arrangements, it required 500 per cent 
more time for loading and unloading the fixtures 
than for the actual cutting. 

Another operation on a high-cycle milling ma- 
chine is illustrated in Fig. 8. This consists of 
straddle-milling the periphery of aluminum fit- 
tings to produce a hexagonal head. The cutters 
run at a speed of 12,000 feet a minute, and the 
table is fed at a rate of 120 inches a minute. The 
work is indexed three times, and fed past the 
cutters a similar number of times to produce a 
complete hexagon. 

The carbide-tipped cutters for milling dural- 
umin differ somewhat from the cutters designed 
for the hyper-milling of steel, inasmuch as they 
are made with fewer tips, are lighter in con- 
struction, have a positive rake angle, and are 
made with the outer edges of the blades leading 
the inner edges. They conform closely to conven- 
tional high-speed steel staggered-tooth cutters 
so far as rake and the radial location of the car- 
bide tips are concerned. The number of cutter 
tips provided is in the ratio of one tip or less 
per inch of cutter body diameter. 

Cutting speeds of over 1000 feet per minute 
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can be used on ST aluminum sheets and on ¢ast- 
ings, and the speed can be increased proportion- 
ately as the hardness of the work drops. It is 
possible to use a greater feed per tooth than with 
the cutters intended for steel; satisfactory re- 
sults can be obtained with a feed from 0.001 to 
0.020 inch per tooth per cutter revolution. 

Carbide-tipped cutters afford many advan- 
tages in machining non-ferrous materials, of 
which the most important are: (1) An increase 
in production of from 500 to 600 per cent, and 
an increase in the number of parts machinable 
per grind of from 300 to 400 per cent; (2) the 
availability of carbide tips, whereas high-speed 
steel cutters are at present on the critical short- 
age list; (3) a finish far superior to any obtain- 
able by using high-speed steel cutters. 

The best method of brazing carbide tips to 
cutter bodies is the electric induction method, 
since by this method the heat can be controlled 
and confined to the immediate locality of the tips. 
This method is also fast, and warpage of the 
cutter is held to a minimum. However, the cost 
of the machine for this type of brazing is exorb- 
itant for concerns not engaged in cutter manu- 
facture, and Vega engineers have found torch 
brazing entirely satisfactory. Bronze rod or 
other accepted brazing alloys are commonly used. 
The strength of the brazed joint is equal to or 
greater than the tensile strength of the brazing 
material. Proper temperatures to be used for the 
rarious brazing materials can be obtained from 
manufacturers’ catalogues. 

There is a marked drop in the strength of a 
brazed joint as the thickness of the brazing alloy 
increases. The greatest strength is obtainable 
when the thickness of the brazing alloy in the 
finished joint is between 0.001 and 0.003 inch. 
Sheet brazing material from 0.003 to 0.005 inch 
thick will give such a joint. There is a definite 
advantage in brazing at low temperatures, since 
there will be less expansion of the metals and, 
consequently, a smaller stress set up between the 
cutter body and the carbide tips. 

In preparing joints for brazing, the following 


Fig. 8. Milling a Hexagon Head on Alum- 

inum Fillings with a Table Feed of 120 

Inches a Minute, and a Cutter Speed of 
12.000 Feet a Minute 
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CARBIDE-TIPPED MILLING CUTTERS 


procedure is recommended: (1) Try the tip in its 
recess to ascertain that it fits closely. (2) Touch 
the faces of the tip to be brazed against either a 
soft grit or diamond grinding wheel, in order to 
remove any scale or dirt that may adhere to the 
tip. (3) Immerse the body and the tip into a 
commercial solution of hydrochloric acid and 
then into carbon tetrachloride to further cleanse 
the parts. Then thoroughly scrub the parts with 
a paint brush soaked in carbon tetrachloride. 
(4) Flux both the recess in the body and the tip 
thoroughly. Cut the sheet brazing material to 
size and place it in the recess both under and 
around the sides of the tip. Flux all over again. 
(5) Apply heat to the bottom of the body. Direct 
the blaze outward, taking particular care to see 
that the tip does not become overheated. A uni- 
form heat underneath the tip is necessary to ob- 
tain the best results, although it is important to 
keep the torch moving to prevent local overheat- 
ing. This procedure should be kept up until the 
brazing alloy melts. During the heating time, the 
tip must be held firmly in place in order to force 
out all excessive brazing alloy and to hold the 
tip firmly in the recess. (6) Flux again. (7) Cool 
slowly by immersing in either powdered char- 
coal, lime, asbestos, mica, or graphite. Do not 
quench. Quenching will invariably result in a 
cracked tip. 

Both the angles of the tips and their surface 
finish are very important to satisfactory tool 
performance. In order to determine the desired 
finish for the various carbide tips, it is advisable 
to take a number of photomicrographs, so that 
the results obtained by using grinding wheels of 
various grits can be studied. In tests conducted 
in the Vega tool-room, a carbide tip ground with 
a 60-grit vitrified wheel had a very rough edge, 
which would be unsatisfactory except for use in 
taking a roughing cut. Another carbide tip 
ground with a 100-grit diamond wheel had an 
acceptable finish for short runs. Two carbide tips 
ground with a 180-grit diamond wheel had 
slightly smoother surfaces and edges, while a tip 
ground with a 320-grit diamond wheel had the 


Fig. 9. 


Willing 


are Placed in Plywood Boxes for Trans- 


Carbide-ltipped Culters 


porting between the Tool-crib, the Ma- 


chine Shop. and the Tool-room 
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smoothest surface and edge. All samples were 
ground with a feed not exceeding 0.0005 inch per 
pass, and the motion of the grinding wheel was 
perpendicular to the cutting edge. 

Cutters tipped with carbide are easily chipped 
and spoiled in handling. It is, therefore, impor- 
tant that individual cutters should be kept in 
containers made of wood or some similar mate- 
rial while they are stored in the tool-crib and 
during the time that they are in transport to and 
from the machine shop or the grinding depart- 
ment. Fig. 9 shows how the hyper-milling cut- 
ters are stored in the tool-cribs, and also shows 
a typical plywood container in which cutters are 
sent to and from the shop. 

If cutters are reground at proper intervals, it 
will be found that many hours can be added to 
the life of the cutter tips and hundreds or thou- 
sands cf parts machined before retipping is 
necessary. The grinding time can also be held 
to a minimum if cutters are sharpened in time. 
Cutters should never be used until they crater on 
the periphery of the cutting edge or land. Dull- 
ness can be easily detected and excessive crater- 
ing eliminated by periodically examining the 
tips. When a tip begins to turn black along the 


(Concluded on page 197) 


































SINGLE-SEATER fighter plane’ with 
“poison in its nose” is garnering the 
praises of United Nations’ airmen on 

the battlefronts of East and West. This fast, 
hard-hitting craft—the Airacobra—has earned 
a reputation for deadly effectiveness against 
fierce and sometimes almost overwhelming op- 
position. 

A feature of this plane is the 37-millimeter 
armor-piercing or explosive-shell firing cannon 
mounted in the center of the hollow propeller 
shaft. This, together with six machine guns 
mounted in pairs on the nose and wings, can 
deliver powerful blows to any plane within 
range and to many types of ground objectives 
as well. Hundreds of these planes are being 
turned out in Bell Aircraft factories to help 
provide the increasing numbers of combat air- 
craft required to tip the scales of air supremacy 
definitely in the United Nations’ favor. 

Down the continuously moving assembly lines, 
these planes are taking shape as former house- 
wives, clerks, hairdressers, and women from 
every walk of life deftly fit and fasten the thou- 
sands of completely fabricated parts in place. 
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This adaptation of a complex and highly precise 
product to the continuous production-line method 
of assembly by relatively unskilled workers is 
another triumph of the American genius for 
mass production. 

Many factors have made this possible—far- 
sighted engineering and production planning, 
resourceful tool and fixture design, and a care- 
fully planned fabricating and assembly plant 
lay-out. Another factor—by no means the least 
important—is the comprehensive application of 
lofting and templet die methods to the design 
and fabrication of the thousands of structural 
parts and skin sections required to make up the 
plane structure. Since many in the metal- 
working industry are not familiar with the 
practice of lofting and the use of templet dies, 
these methods will be described in some detail. 

First attempts at lofting in aircraft design go 
back to the relatively early days when rough 





lines were laid down to full scale on a large floor 
or loft for the metal-covered floats and hulls of 
seaplanes. Undoubtedly, these early attempts 
at full-scale lay-out were based on methods used 
in the age-old shipyard loft. With the advent 
of metal-covered streamlined airplanes utilizing 
fillets, fairings, tapered metal wings, fins, etc., 
aircraft lofting came of age. Here was a means 
of laying out complex, fair surfaces in such a 
manner that flat metal templets could easily be 
made for the fabrication of both tools and parts. 

At the Bell Aircraft plants, the application of 
lofting has been carried out to the greatest pos- 
sible extent. This lofting provides permanent 


By HOLBROOK L. HORTON 


full-scale outlines of the entire plane and its 
yarious sections, which serve as a reference and 
final authority for both engineering and pro- 
duction. About 90 per cent of the structural 
parts and skin sections of the Airacobra are 
laid out in the loft department, where about one 
hundred men and women are employed. 

The actual procedure of lofting, as practiced 
at Bell Aircraft, is as interesting as it is un- 
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Fig. 2. The First Step 
in Lofling is to Lay 
oul the Full-sized Con- 





Fig. 1. Lofling Starts from 
an Engineering Sketch that 
Gives a Few General Dimen- 
sions of the Plane as _ De- 


signed for Production 

















tour of the Plane on 
the Loft Floor. Wooden 
Strips, or Battens, are 
Used as Guides in the 


Lay-out 


usual. Starting with the basic design data, an 
engineering sketch of the plane, ready for pro- 
duction, is made, similar to that shown in Fig. 1. 
Only a few general dimensions are given to the 
lofting department by the engineering depart- 
ment—such as over-all length, spar, root and 
tip chord, sweepback, dihedral, incidence and 
air-foil section of both wing and empennage, 
together with aileron, flap, and spar locations. 
On the fuselage sketches, rough lines give the 
tentative location of frames, stringers, doors, 
decks, windows, and similar parts. 

Based on these initial drawings and the gen- 
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eral dimensions shown thereon, a full-sized out- 
line of the plane is laid out on the loft floor, as 
shown in Fig. 2. The curved lines are drawn 
with flexible wooden strips, or battens, as 
guides, which have been carefully selected for 
straightness and uniform deflection. These are 
held in place by nails or lead weights, insuring 
smooth (or fair) contours. Permanent ref- 
erence points on the loft floor, marked in inches, 
are used to establish the cross-sections of the 


fuselage. 
The dimensions of the various cross-sections 
are next computed, and, taken together, these 
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Fig. 3. After Computing the 
Various Cross-sectional Di- 
mensions of the Plane. the 
Body Plan is Laid out and a 

Seribed on Plywood 


cross-sections make up the body plan. One of 
the most difficult jobs is that of fairing or loft- 
ing the lines. Fairing, in some respects, is a 
trial and error process. It is accomplished by 
taking trial cuts from a body plan, plotting the 
points on the floor and examining the resulting 
contour. The points from the first attempt do 
not usually fall on a fair curve, but the loftsman 
decides on a mean fair curve that suits his eye. 
The revised points are transferred back to the 
body plan, and station contours are altered ac- 
cordingly. Other cuts are taken and the process 
repeated until every cut will give a fair line and 


Fig. 4. Tracings are 
Vade of the Body Plan 
for Submission to the En- 
gineering Department, 
where Structural Analy- 
ses are Made and Basic 
Design Data Incorpor- 


ated in Detail Drawings 


the body plans themselves are fair. As shown 
in Fig. 3, each cross-section is drawn to full size 
on plywood; and here, again, wood strips are 
used to provide fair curves. All lines are scribed 
into the plywood with a sharp knife to provide 
an accurate and permanent reference. 

The detail drawings and templets required 
are then made directly from the body plan. A 
piece of vellum is laid over each section of the 
body plan, and the scribed lines are traced with 
a sharp pencil as shown in Fig. 4. 
these vellum tracings, structural analyses are 
made, structural members are designed, and 


Based on 
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detailed engineering drawings are laid out, in- 
corporating the basic design data. 

Templets of 16- or 18-gage galvannealed sheet 
steel for each part of the airplane are made 
from the engineering drawings. Rivet holes 
and the location of lightening holes are drilled 
in the templet according to the engineering 
drawing. The basic dimensions for the templets 
are taken from the body plan, thus eliminating 
any chance for error. Dimensions or other data 
that will be required by the parts fabricator are 
stamped on the face of the templet for per- 
manent reference. 

The laying out of the templets, as shown in 
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Fig. 5. Templet Lay-outs are 
Scribed on Metal Sheets by 
Using Wooden Guide Strips, 
Held in 
Lay-out Tolerances are Kept 
One-half the Width 


of a Finely Scribed Line 


Place by Weights. 


within 


Fig. 5, is done with scribes, dividers, scales, and 
straightedges. This lay-out is surprisingly ac- 
curate, tolerances usually being held to one-half 
the width of a finely scribed line. Descriptive 
geometry is here applied as a fine art; bisectors, 
perpendiculars, and the like are all laid out 
geometrically. The master templet is laid out 
first, and this is retained by the loft department 
for reference. From this master templet, any 
number of duplicates can be quickly made for 
use in the shop. 

There is a wide variety of types of templets 
made. The most common are the contour tem- 
plet, used to set up and check dies, fixtures, and 


Fig. 6. Templet is Shown at 


Lower Right with Templet 
Die 


Shown at 


Above it. Work-piece is 


Lower Left with 


Punch Above it. Piercing 
Points are Inserted in the Die 
for Punching Rivet Locating 
Holes. The Six Small Holes 
Shown in the Work-piece are 
Drilled Later to the Size In- 


dicated by the Templet 
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the like; the develop templet, which is a flat 
pattern of the part with developed flanges, co- 
ordinating holes, etc.; the apply templet, which 
is made to fit over a part that has been previ- 
ously formed or extruded and is used to trim or 
drill it; the form-block templet, which is used 
to make the form block for the hydro-press or 
crank-press dies; and the router-block templet, 
which is used on the conventional routing ma- 
chine to rout out parts. 

One interesting fact about these templets is 
that, in practically every case where they are 
used, no blueprints are required by the work- 
men. Each templet serves as a complete set of 
instructions, so that even relatively unskilled 
men and women can be employed in the fabrica- 
tion and assembly of the thousands of different 
parts required. The templet is also used in in- 
specting as a final check on the accuracy of the 
part produced. Usually, templets are made in 
sets that are matched one against the other, 
thus serving to prove the correctness of the 
templets and the engineering drawings from 
which they are made. 

Examples of a templet, templet die, punch, 
and work-piece are shown in Fig. 6. Templet 
dies and punches are used by Bell Aircraft not 
only to cut and form the various skins and other 
parts, but to pierce the rivet locating holes as 
well. This saves much time in the subsequent 
hand-drilling of the holes to final size, and makes 
for greater accuracy. Of particular importance 
is the fact that any piece can be quickly re- 


Fig. 8. This Massive 5000- 

ton Press is Operated Entire- 

ly by a Crew of Eighteen 

Women. Two Loading Tables 

are Alternately Rolled into 

the Feeding Position on Each 
Side of the Press 
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Fig. 7. Cutting Edges of Templet Dies 
are Flame-hardened by Oxy-acetylene 
Torch. A Water Jet Following Flame 
Provides the Quick Cooling Necessary. 
Both Dies and Punches are Welded to 
Back-up Plates, Eliminating Dowel-pins 


and Hold-down Screws 

















Fig. 10. In Front is a 
Vaster Drill Plate Used 
for Making Dies and 
Punches Interchangeable 
in Different Presses. In 
Rear is a Lofted Templet 
for Locating Fairing 
on Fuselage and Wing 


placed, since each rivet hole in the replacing 
piece will have exactly the same location as that 
in the original. 

The templet dies and punches are made of 
SAE 4130 steel ranging from 1/4 to 1/2 inch 
in thickness. They are backed up with cold- 
rolled boiler plate of 3/16- to 1/2-inch thickness. 
To obtain the necessary resistance to wear, the 
dies are flame-hardened along the cutting edge 
to a depth of about 1/8 inch and a hardness of 
about 52 Rockwell C, as shown in Fig. 7. The 
die shown is about 60 inches long. An oxy- 
acetylene torch is used with a water jet attached 
to the flame head. As the flame is moved along 
the edge of the die, a stream of water follows 
behind it, and, on striking the heated metal, 
provides the necessary quick quench for hard- 
ening. Owing to the difficulty of flame-harden- 
ing the numerous small holes of the punch into 
which the piercing points of the die fit, the entire 
punch is cyanided. The small piercing points 
are inserted in the dies and are made of hard- 
ened tool steel. Both dies and punches are 
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Fig. 9. Pantograph Router 
Designed by Bell 


Table is Long Enough to Per- 


Aircraft. 


mit Blanks to be Set up at 
One End while Routing is be- 
ing Done at the Other. Tem- 
plets are at Left of Center Rail 
and Blanks at Right 














welded to the back-up plates, thus eliminating 
the use of dowel-pins or screws. 

By using this type of die, considerable tool 
steel is saved, together with the highly skilled 
labor that would ordinarily be required in die 
construction. Since the templet is an _ exact 
duplicate of the part to be produced, almost any 
good mechanic can take a templet and make a 
suitable die from it. Another advantage of this 
type of die is that, with the major portion of it 
unhardened, it has enough resilience to absorb 
a great deal of press shock without cracking. 

As a general estimate, it may be said that the 
templet type of die requires only one-fourth as 
many man-hours to make as the standard type 
of die. Furthermore, the ease of arranging these 
dies in the press has reduced the set-up time 80 
much that it has become feasible to produce 
small quantities of parts in this way with econ- 
omical results. 

In order to make sure that all templet dies 
will be interchangeable, no matter where they 
are used, a master drill plate, similar to that 



























sh 
fol 
By 
ho 
sO 
to 
ca 
















































jes 
ey 








MACHINERY. July, 1943 — 167 








— ~~, l “rg we : oe * 


PRODUCT OF PRECISE FABRICATION 


shown in the foreground of Fig. 10, is employed 
for drilling the press locating holes in the dies. 
By using this master drill plate, the locating 
holes are always in the same relative position, 
so that every die can be moved from one press 
to another, or even to a different factory, and 
can be set up immediately. 

In back of the master drill jig may be seen a 
lofted templet that is fitted up against the fusel- 
age during assembly to give the proper locating 
points for fastening the fairing to the fuselage 
and wing. By using such a templet for drilling 
the fastening holes in the fuselage, the replace- 
ment of a damaged wing and fairing can be 
quickly effected in the combat theater without 
special fitting or drilling. This holds true for 
practically every one of the thousands of struc- 
tural or skin members in the plane. 

To further insure accuracy of assembly, some 
parts—for example, the fuel-tank cover—that 
have reinforcements or stiffeners are welded 
before blanking and piercing. 
lining up holes that are punched beforehand in 















Fig. 12. 
which are Mounted on Gantry 
Used 
for Stack-drilling Those Parts 
that are Not 


Two Drilling Heads, 
Type 


Carriages, are 


Pierced by 
Templet Dies 


The difficulty of 


parts that are to be riveted together is thus 
avoided. 

In Fig. 11 is shown the skin for a wing 
gasoline-tank cover and the die used to blank it. 
The amount of time saved by piercing the rivet 
locating holes in one operation is clearly evident. 
The rubber pads customarily employed around 
the blanking edge of the die to aid in the shear- 
ing of the skin were removed previous to taking 
the photograph. 

The proportion of women employed in the Bell 
Aircraft plants has been steadily increasing dur- 
ing the past year. One of the most interesting 
jobs being performed by women in these plants 
is the forming of various parts, such as bulk- 
heads, ribs, stiffeners, etc., on a massive 5000- 
ton Lake Erie hydro-press. Fig. 8 shows one of 
the loading tables for this press; here the dies 
are located and the blanks placed over them 
preparatory to piercing and forming. 

There are four such tables, two on each side 
of the press, and four women work at each 
table. When a table has been made ready, it is 








Fig. 11. 
Gasoline-tank Cover and 
Die Used to Blank it. 
Vuch Hand Labor is 


Saved by Using Piercing 


Skin for Wing 





Points for Locating 


Rivet Holes 





















ASSEMBLE SKINS WITH TWO [/8 CLECOS. 

LINE UP AND SCREW FOUR SET-UP BOLTS INTO NUT 
PLATES THROUGH INNER SKIN TO BULKHEADS (-OIG) 
AND (O21). (A) 

INSERT FIFTEEN 1/8 CLECOS THROUGH OUTER 
SKIN (B) 

_REORILL HOLES AROUND EDGES OF SKIN WITH “30 
DRILL EXCEPT THOSE IN BULKHEAD (-022). SEE 
DRAWING NO.| 

_ COUNTERSINK ,EXCEPT FIRST HOLE AT EACH END 7 
(0) e401 =: 01) ced eiiea: 







































moved over by an electric motor to a position 
opposite the press, and the platform tray hold- 
ing the dies and blanks is then moved under- 
neath the ram. Two women operate the press, 
and the entire cycle of loading, forming, and 
unloading requires only one minute. The use 
of this press has speeded up the forming and 
piercing of small parts tremendously. A good 
many parts are also formed on drop-hammers. 


BELL AIRACOBRA 


Fig. 13. Typical Visual Edu- 
cation Photograph Used to 
Guide Workers in Assembling. 
Each Step is Clearly Out- 
lined and Correct Positions 
of Hands and Tools are Given. 
These Guides Save Much 


Supervisory Time 








Some pieces are cut on a pantograph router 
developed by Bell Aircraft, which is shown in 
Fig. 9. The templets are fastened to the table 
at the left, and as the tracing point moves along 
the templet edges, the router cuts matching 
parts from the stack of aluminum sheets at the 
right. This machine is about 50 feet long, and 
is capable of cutting three pieces of 1/8-inch 
stock or eight pieces of 1/32-inch stock at one 
time. The parts are cut out to an accuracy of 
within 0.005 inch. 

In Fig. 12 are shown two Kingsbury drilling 
heads mounted on a gantry type of carriage 
being used for stack-drilling skin pieces not 
pierced in a press, Templets are used as guides. 
This stack-drilling arrangement was designed 
by Bell Aircraft. 

A factor contributing to the ease with which 
unskilled labor is being trained to take its place 
on the production line is a comprehensive sys- 
tem of visual education by means of photo- 
graphs. These photographs show the specific 
steps of each job in their proper sequence, and 
describe the correct way of performing them. 
A complete set of these photographs is main- 


Fig. 114. Prefabricated Parts of Various 
Shapes and Sizes are Hung on Convenient 
Racks Ready for Assembly. Each Part is 
Ready to be Fastened in Place with a 
Minimum of Hand Work 
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Fig. 15. Templet-die Blanked 
and Punched Pieces Fit Eas- 
ily and Exactly into Assem- 
bly. Pierced Locating Holes 
are Enlarged by Hand-drill- 
ing to Receive Rivets while 
Parts are Held in Place by 


Cleco Fasteners 





tained at each assembly point for quick refer- 
ence. The supervisory load has been eased con- 
siderably by this method, assuring an answer to 
almost any question the worker may ask about 
the job procedure. A typical visual education 
photograph is shown in Fig. 13. 

As shown in Fig. 14, at each assembly station, 
the parts required are held on conveniently lo- 
cated racks. Because of the extensive lofting 
and templet die preparation, the prefabricated 
pieces are complete and ready for assembly, 
with even the rivet holes accurately located. 
Expensive and complicated jigs are unnecessary. 
In watching the assembly of these parts into the 
plane, one gathers the impression that it is 
almost as easy as building a model with a child’s 
prefabricated steel construction set. 

The ease with which templet-die formed and 
punched pieces can be assembled is evident in 
Fig. 15. The piece with one end raised, in the 
center of this illustration, has been trimmed and 
punched flat by a templet die, yet the locating 
holes are placed so accurately that when it 
assumes the slightly curved contour required by 
the assembly, these holes will fall directly over 


Fig. 16. One after Another, These Bell 

Airacobras are Coming off Continuously 

Moving Assembly Lines, Ready to be Test- 

ed for Action on the World’s Far-flung 
Battlefronts 


MACHINERY, July, 1943 — 169 


& Ya — « 
1 en —« Siete ae as 
= wa ROE ae - RENE AY ge ore 


tar 


_ 















the corresponding holes in the structural mem- 
ber to which the piece is attached. 

Thus, with such careful and extensive plan- 
ning for the production of accurate, interchange- 
able parts, the continuously moving assembly 
lines shown in Fig. 16 become the natural way 


to put these planes together. Airacobras are 


marching down these lines to the test flight field 
in ever increasing numbers. 







































































By CHARLES O. HERB 


One of the Wartime Activities 
that Helped to Bring an Early 
Army-Navy Award to the Axel- 
son Mfg. Co., Los Angeles, Calif., 
was the Mass Production of Air- 
craft Landing-Gear Struts 
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ORE than fifty years’ 

experience in the manu- 

facture of high-grade 
oil-well pumps and other equip- 
ment for the oil fields especially 
fitted the Axelson Mfg. Co., Los 
Angeles, Calif., for the produc- 
tion of landing-gear struts. Of 
especial value in planning strut 
manufacture was the experience 
gained in years of grinding and 
honing reciprocating-pump liners 
and plungers, operations that are 
analogous to those required in 
finishing strut cylinders. 

The record established by this 
concern in manufacturing struts, 
as well as the high output at- 
tained in the building of engine 
lathes in a wide range of sizes, 
won the fourth Army - Navy 
Award to be given to a Pacific 
Coast concern, and the eleventh 
of these awards made to concerns 
in the entire country. 

Strut manufacture in this plant 
entails the production of thirty- 
two individual parts and the per- 
formance of as many as fifty-four 
separate operations on one piece. 
Obviously, therefore, this article 
must be confined to operations on 
the more important details. 

Manufacture of the inner and 
outer cylinders starts in the re- 
ceiving department for raw ma- 
terials where tubing for the cyl- 
inders is cut from long lengths 
by abrasive cut-off saws. These 
cut-off tubes, except the tubes 
that are to be fabricated into 
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tail-wheel pistons, are sent directly to the ma- 
chine shop. The latter must first be sent to 
another shop for swaging one end down to a 
considerably smaller diameter than the main 
portion of the cylinder. 

Rough- and finish-turning of the tail-wheel 
piston assembly are performed on an Axelson 16- 
inch engine lathe set up as illustrated in Fig. 
after the part has been given a_ preliminary 
rough-turning operation and then been heat- 
treated to about 350 Brinell. The headstock 
spindle of the engine lathe is provided with an 
adapter having a tongue that engages a slot in 
the clevis for driving purposes, and a clamp 
holds the clevis central with the spindle. The 


open end of the piston is supported by a conical 
ball-bearing center on the tailstock. The piston 
is bored before it comes to the lathe. 

Only the straight portion of the piston is ma- 
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chined in this operation, the tolerance on the 
diameter being plus or minus 0.001 inch. As 
much as 0.032 inch of stock on a side is taken 
off in the first cut by the use of a Kennametal 
tool bit. The piston is made from S A E 4140 
steel tubing. All together, twenty-eight opera- 
tions are performed on this part before it is 
ready for assembly into a complete strut. 
Another Axelson lathe being used for finish- 
turning the tail-wheel outer assembly is shown 
in Fig. 2. The bored open end of the cylinder is 
mounted on an expansion mandrel on the head- 
stock spindle, while the clevis on the closed end 
is backed up by a short piece of round rod car- 
ried in a ball-bearing tailstock center. Several 
cylindrical surfaces and bevels ranging up to 
5 inches nominal diameter are machined to speci- 
fications within plus nothing minus 0.001 inch. 
The operation is performed after rough-turning 
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MAKING LANDING. 


Fig. 1. Turning a_ Piston 
Assembly for a_ Tail-wheel 
Strut’ after the’ Part has 
been Given a_ Preliminary 
Rough-turning and been Heat- 
treated to 350 Brinell 






































and heat-treatment, and again Kennametal tools course, prior to the heat-treatment. In _ both 
are used. lathe operations, one end of the cylinder is 
A finish-boring operation on an inner cylinder clamped by an expanding adapter on the head- 
for a front-wheel strut is seen in Fig. 3 being stock spindle, which is inserted in the tube, 
performed on an Axelson 25-inch lathe. This while the opposite end is held in a steadyrest. 
operation is also performed after heat-treat- 3oring is also performed with a carbide-tipped 
ment. Rough-boring of the part is done in a_ tool on a bar that is mounted on a heavy block 
set-up similar to that used in finishing, but, of carried by the cross-slide. Approximately 0.063 
inch of stock on the diameter is removed in fin- 
ishing, 0.020 inch being left for removal by in- 
ternal grinding and honing. As an indication 
of the great amount of work involved in manu- 
facturing strut parts, it may be pointed out that 
a total of fifty-four separate operations are 
necessary in finishing this part alone. 
Outer cylinders for front-wheel struts are 
ground internally in the Bryant chucking grinder 
shown in Fig. 5. Roughing and finishing cuts 
are taken in both the long cylinder bore, which 
is 3 7/8 inches in diameter by 14 inches long, 
and in the packing bore at one end, which is 
4 1/4 inches in diameter by 3 1/2 inches long. 
The tolerance on both holes is plus or minus 
0.0015 inch. 
For this operation, a hinged ring is clamped 
around the body of the cylinder, as seen on the 
part standing at the front of the machine. This 





Fig. 2. Finish-turning Tail-wheel Outer 
Assembly. One End is Mounted on an Expan- 
sion Mandrel and the Other End Backed 
up by a Ball-bearing Tailstock Center 
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GEAR STRUTS ; 


Fig. 3. Finish-boring — an 
Inner Cylinder for a Front- 
wheel Strut by Employing a 
Lathe Equipped with a Steady- 
rest and with a Special Tool- 


block on the Cross-slide 





























ring is gripped between three jaws of an air- seated on a shoulder on locating sleeves at the 
operated chuck, while the outer end of the cyl- bottom end, and are correctly positioned at the 
inder is held in a steadyrest, which is shown upper end by knurled bushings which fit into 
open. An indicator gage, built into the machine, openings in the fixture. 
is employed to determine the progress in grind- Rough-honing is performed by one spindle 
ing the packing bore. This cylinder is made of and finish-honing by the second spindle, about 
SAE 4140 chromium-molydenum steel, and is 15 minutes being required to hone each cylinder 
heat-treated to 350 Brinell. Thirty-five opera- to size within a tolerance of plus or minus 0.001 
tions are required to produce this part, but be- 
fore the development of the mass manufacturing 
methods now used, a total of sixty-two opera- 
tions were performed. 
Internal threads are milled in one end of the 
outer cylinder on the Lees-Bradner thread mill- 
ing machine shown in Fig. 6. One end of the 
cylinder is gripped securely in an air chuck, and 
the end to be threaded is held in a steadyrest. 
The conventional type of multiple cutter is em- 
ployed. The thread is milled to a diameter of 
3 15/16 inches for a length of 3/4 inch, and 
there are 20 threads per inch. 
The outer cylinders are honed, two at a time, 
on the Barnes upright hydraulically actuated 
honing machine illustrated in Fig. 4, which was 
built with four spindles for simultaneously hon- 
ing four oil-pump liners of a smaller diameter 
than the strut cylinders. The cylinders are 


Fig. 4. Outer Cylinders are  Honed 
to Size within Plus or Minus 0.001 Inch 
in a Hydraulically Actuated Machine of 

Upright Construction 
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Fig. 6. Milling the Threads 
in One End of an Outer Strut 
Cylinder on = a_ Standard 
Thread Milling Machine Pro- 


vided with an Air Chuck 
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inch. The coolant used in honing is a mixture 
comprising 7 gallons of Toolcut oil to 55 gallons 
of kerosene. This is the final operation on the 
outer cylinder before assembly of the forged 
upper-end fitting and the inner cylinder. 

High production in the rough-machining of 
the upper-end fittings has been attained through 
the application of a Bullard vertical turret lathe 
tooled up as shown in Fig. 7. This part is a 
chromium-molybdenum forging which comes to 
the machine in the rough, as indicated by the 
sample seen lying on the left-hand side of the 
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LANDING-GEAR STRU 


Fig. 5. Two Bores of Outer 
Cylinders 
Struts 
in a Chucking Grinder within 


a Tolerance of 0.0015 Inch 


for Front-wheel 


are Ground to Size 













table. It leaves the vertical turret lathe in 
the bored, turned, and faced condition shown 
by the part in front of the fixture. 

In this operation, the piece is first rough- 
turned by a carbide-tipped tool mounted on the 
side-head, which takes a cut that varies from 
3/16 to 1/4 inch in depth. Next, a hole is drilled 
in two steps to a diameter of 1 9/16 inches and 
a depth of approximately 3/4 inch by drills on 
the turret. Then the hollow mill seen at the 
upper left on the turret is employed for counter- 
boring to diameters of 3 1/8 and 1 15/16 inches. 
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MAKING LANDING-GEAR STRUTS 


Tools on the side-head are next used for facing 
the central boss and the outer ridge that sur- 
rounds the recess, after which chamfering cuts 
are taken with the remaining tools on the tur- 
ret. All the side-head tools and the chamfering 
cutters are carbide-tipped. The surfaces rough- 
machined in this operation are later finished on 
an engine lathe to specified dimensions within 
plus or minus 0.0015 inch. 

The ears on the end fittings that are welded 
to the inner cylinder assemblies are ground on 


the inside surfaces in close relationship with the 
axis of the part and also within a close tolerance 
as to the width of the slot. This operation is 
performed on an Abrasive surface grinder set 
up as shown in Fig. 8. 

The work is clamped from the externally 
ground outer surface after the ears have been 
properly located by means of gage-plugs that 
are inserted through holes provided in brackets 
fastened to the front and back of the fixture. 
A gage-block that is permanently fastened to 


The Forged Fittings 
Welded to Outer 


Cylinder Assemblies for Nose 


Fig. 7. 


that are 


Struts are Completely Rough- 
machined in One Operation 


on a Vertical Turret Lathe 
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Fig. 8. 
on the Forging that is Weld- 


Grinding the’ Ears 
ed to Inner Cylinder Assem- 
with Re- 
spect to Axis of Part 


blies Accurately 
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MAKING LANDING. 


Fig. 9. Two Inner Cylinders 
are Ground at One Time in 
the Half-bearing of the For- 
ging that is Welded to One 
End of These Cylinders by 


Employing the Internal Grind- 








the fixture is used in lining up the table with 
respect to the grinding wheel. About 0.010 inch 
of stock is ground off each ear to correct distor- 
tion resulting from heat-treatment. The outside 
surfaces of the ears are milled before the heat- 
treating process, and are sufficiently accurate 
when the parts come to this machine. 

A belt-hole is drilled at an angle through one 









































ing Machine Here Shown 


of the bosses on the same forging by employing 
a Cincinnati Bickford radial drilling machine 
set up as illustrated in Fig. 10. The ground faces 
of the half-bearing on the forging are seated on 
hardened and ground blocks of the fixture to 
obtain the proper angle of inclination, and the 
cylinder is further located by passing a ground 
plug through a hole that was previously drilled 
and reamed through the ears. This plug also 
passes through a hole in a block that is integral 
with the fixture. The hole drilled in this oper- 
ation is 29/32 inch in diameter and extends 
through about 1 3/4 inches of stock. 

The half-bearings on the forging at one end 
of the inner cylinders are ground to match cap 
bearings by applying the Heald internal grind- 
ing machine shown in Fig. 9. Two cylinders 
are placed in the machine at one time, pointed 
in opposite directions so as to make one com- 
plete circle for the grinding wheel to operate in 
rather than only a half circle, as would be the 
case if but one cylinder was ground. 

The work-pieces are held in an Axelson de- 
signed fixture equipped with two long rods that 
are slipped through bushed fixture holes and the 
ears of both cylinders for locating purposes. 
Then clamps with V-blocks are tightened against 


Fig. 10. a Radial 
Machine for Producing a 


Employing Drilling 
Hole in the 
Forged End of Inner Cylinder Assemblies 


at an Angle with Axis of Part 
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GZAR STRUTS 


Fig. 11. Cutting “Spreader” 
from between the Ears on In- 
ner Cylinder Assemblies in 
a Milling Operation that In- 
volves the Use of Two Nar- 
row Cutters and a Special 
Work-holding Fixture 

















































one side of the cylinders to force them against smaller diameter and then enlarged to 7/8 inch, 
stationary V-blocks on the opposite sides. with one down feed of the drill. 

The bearings are ground to a nominal diam- After the drilling operation, the holes are 
eter of 3 1/2 inches within plus or minus 0.002 reamed in the same set-up, and the small-diam- 
inch. A 3-inch wheel is used. The bearing caps eter hole in the bottom ear is tapped. To facil- 
are also ground with the same equipment. itate substitution of tools, the machine is pro- 

A typical milling operation in strut manufac- vided with a McCrosky quick-change chuck. The 
ture consists of cutting a “spreader” from be- operation is practically the last one on this part. 
tween the ears on the forging that is welded to 
one end of outer cylinder assemblies. This 
operation is shown in Fig. 11. The “‘spreader”’ 
is provided to prevent excessive distortion of 
the ears during heat-treatment. The cylinder 
is located from finished external surfaces for 
the milling operation, and the “spreader” is cut 
out by two milling cutters, 1/4 inch wide by 
about 6 inches in diameter. The ears are sup- 
ported by spring-backed buttons, which are 
clamped solidly for the operation. 

After this “spreader”? removing operation, the 
ears are drilled on a Cincinnati Bickford up- 
right drilling machine set up as shown in 
Fig. 12. A two-step drill is employed, as the 
bottom ear must be drilled to a diameter of 7/8 
inch for a depth of about 1 inch and also to a 
diameter of 3/4 inch for an additional depth of 
linch. The ears are drilled through first to the 


me. ABRGREADEDODERGALERNALE 





Fig. 12. Drilling Operation on Outer 
Cylinder Assemblies in which a Two-step 
Drill is Employed for Drilling to Two 

Diameters in One Set-up 
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Outstanding Operations in One of the Aijr- 


craft Industry's Best Equipped Machine Shops 


By CHARLES O. HERB 


REAT changes have occurred in the ma- 
chine shops of airplane-building plants 
since the demands of the second World 

War necessitated the mass production of bomb- 
ing, fighting, and transport planes. Instead of 
being a department of relatively minor import- 
ance, as in the earlier days of the industry, the 
machine shop today is one of the foremost 
departments in large airplane-building plants. 
Managements generally have been more than 
willing to provide the finest machine tool equip- 
ment available. 

The machine shop in the Long Beach, Calif., 
plant of the Douglas Aircraft Co., Inc., is con- 
ceded to be one of the best in the aircraft indus- 
try, both from the standpoint of the equipment 
and the methods followed. Outstanding opera- 
tions in this shop were described in articles pub- 
lished in MACHINERY last year; the present 
article will deal with unusual methods developed 
since then. 

Fly cutting with tungsten- and tantalum-car- 
bide tool bits is coming increasingly into vogue. 
The fine finish and accuracy obtained with cut- 
ters of this type in machining aluminum has led 
to their fairly extensive adoption in finishing 
steel parts. This practice brings important 
economies in milling and grinding time, in addi- 
tion to the advantage of high quality work. 

Fig. 1 shows a particularly good example of 
fly cutting on a Lucas horizontal drilling, bor- 
ing, and milling machine. The operation con- 
sists of facing the steel weldment for a sub- 
assembly jig. The jig member is 61 inches high 
by 57 inches wide over all, and the surfaces 
being faced are 13 inches wide. 
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Roughing cuts are taken with a Kennametal 
tool to a depth of 1/16 inch, using a surface 
feed of 0.008 inch per revolution of the cutter. 
The latter is positioned at a radius of 12 1/2 
inches from the center of the spindle, and is 
revolved at 82 R.P.M., so that it moves around 
a circle at a speed of approximately 350 feet per 
minute. The cutting edge is ground to a nega- 
tive rake of 10 degrees. After the jig face was 
completely machined in this operation, it was 
finished on a large surface grinding machine. 

A hyper-milling operation is shown in Fig. 2 
in progress on terminal plates of chromium- 
molybdenum steel, which are cut out by an oxy- 
acetylene torch machine. The cutter-head is 
equipped with four Kennametal tool bits which 
are adjusted to different heights, so that four 
cuts are taken simultaneously as the work feeds 
past the cutters. These cutters are also ground 
to a negative rake of 10 degrees. On the work 
seen lying on the table in front of the fixture, 
ridges left by the four cutters can be seen along 
the left side of the finished surface. Two feed 
movements of the work past the cutters are re- 
quired, as the cutters face only half the width 
of the surface at a time. Roughing and finish- 
ing cuts are taken. 

In roughing, the four cutters face to a total 
depth of 5/16 inch at a feed of 4 1/4 inches a 
minute, so that it takes only about 2 3/4 min- 
utes to complete the 9-inch cut. The cutter-head 
is run at a speed of 357 R.P.M., and as the di- 
ameter across the tool bits is 4 inches, this gives 
a rotary cutter speed of 365 feet a minute. The 
chips come off red-hot, but the work remains 
cool to the touch. Only 0.005 to 0.007 inch of 
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stock is left for finishing by grinding, whereas 
when the pieces were faced by the method previ- 
ously used, it was necessary to leave from 0.040 
to 0.050 inch of stock for grinding. Two fixtures 
are provided on the Cincinnati milling machine 
on which the operation is performed, so that a 
piece of work can be loaded while another is 
being machined. 

All the tools used on the cutter-head are 
ground to the same length, the slots in the 
cutter-head being of different lengths, so as to 
automatically position the tools at the required 
heights when they are assembled in the slots. 
Because of this provision, all tools can be 
changed and ready for use within 1 1/2 min- 
utes. It takes only 1 1/2 minutes to grind the 


tool bits, whereas 1 1/2 hours was necessary 
for regrinding the cutters employed in the pre- 
vious method of finishing the terminal plates. 
The tool bits last for from five to six pieces be- 









tween grinds. Ground tool bits are kept on 
hand, ready for immediate replacement. 

When the part has been faced to the required 
width, a cutter-head of the type seen on the 
machine in Fig. 3 is substituted for cutting 
away the ridges left by the tools in the preced- 
ing operation. In this case, only one tool is 
employed. It is ground to a radius on the cut- 
ting edge for machining a fillet on the work. 
Only one cut is necessary, and it is taken at a 
feed of 7 1/4 inches a minute, with the cutter- 
head running at 840 R.P.M. The entire cut is 
taken in a little over 1 1/4 minutes. With this 
method of machining, it is not necessary to 
grind the fillet, as was the case with the method 
previously employed. The fillet-facing cutter ma- 
chines twelve to twenty pieces between grinds. 
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Fig. 2. Hyper-milling has 


Greatly Speeded up the Ma- 
















chining of Chromium-molyb- 
denum Steel Terminal Plates 
the 


Time in the Final Operation 


and Reduced Grinding 


on These Plates 


In taking turning, drilling, and reaming cuts 
on terminal forgings in a turret lathe, trouble 
was experienced in gripping the square end of 
the forging accurately enough to insure concen- 
tric rotation of the shank end. To correct this 
condition, the three steel jaws of the chuck were 
replaced with two heavy Kirksite jaws, con- 
structed as shown in Fig. 4. These jaws are 
operated by the regular chuck screws. They 
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MACHINE SHOP OPERATIONS 


Fig. 1. the Face 


of a Large Steel Weldment 


Finishing 
for a Sub-assembly Jig by 
Employing a Fly Cutter on a 
Horizontal 


Boring, Drilling, 


and Milling Machine 







give a purchase on all four sides of the square 
section of the forging, and as the jaws are about 
4 inches thick, they exert a gripping pressure 
over a substantial area. 

In chucking a terminal forging, the square 
end is inserted into the two jaws and the over- 
hanging end is supported temporarily on a bell 
center on the turret to hold it in alignment with 
the headstock spindle. Then the chuck jaws are 
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IN BUILDING DOUGLAS “WINGS FOR VICTORY” 


tightened, after which the bell center is with- 
drawn and the operation started. Should this 
operation become obsolete, the Kirksite could be 
salvaged for other applications. 

A unique method of holding landing-wheel 
bearing retainers for grinding an_ internal 
thread is illustrated in Fig. 5. The headstock 
spindle of the Jones & Lamson thread grinding 
machine on which the operation is performed 







' a" : 
“ A 






b. / 
~—/ | 
ee ’ 

Cs Ab 
/ ; 4 Fs 
{ + oO 







os 


. 


. 


Ty at 


Fig. 4. Two Kirksite Chuck 
Jaws Substituted for the Reg- 
ular Jaws Enable Terminal 
Forgings to be Handled Effi- 
ciently on a Turret Lathe 
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is provided with a special adapter. The bearing 
retainers, one of which is seen lying on the tray 
at the front of the machine, are slipped, one at 
a time, sidewise into the adapter through an 
opening in the cylindrical wall. Then the second 
device seen lying on the tray is slipped on the 
end of the adapter, the large outer bore of this 
device being ground to fit the outside of the 
adapter. The inner ring of this device seats in 


Fig. 3. A Second Hyper-mill- 
ing Operation on Terminal 
Plates, in which the Ridges 
Left by the Four Cutters in 
the Preceding Operation are 
Cut away and a Smooth Fillet 
is Obtained 
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the bore of the retainer and centralizes the re- 
tainer with the headstock spindle. 

With the work-piece thus located, a large 
knurled nut on the inside of the adapter is tight- 
ened against one face of the retainer so as to 
force the opposite face against the front wall 


of the adapter. Then a threaded sleeve in the 
center of the adapter is turned by means of a 
rod, which is applied in the manner of a spanner 
wrench to advance a shoulder at the front end 
of the sleeve into the retainer bore. The work- 
locating device is then removed from the front 
of the adapter and the operation started. 











Fig. 5. An Ingenious 


Work-holding Adapter 
Facilitates Grinding an 
Internal Thread — in 
Landing-wheel Bearing 


Retainers 





The thread is ground to the specified pitch 
diameter within plus 0.0047 inch, minus nothing, 
for a width of about 1 inch. When the operation 
starts, a guard with a glass window mounted on 
rollers that run along the bed of the grinding 
machine is pushed in front of the revolving 
work. The progress of the operation can be 
closely observed through the window. 

The milling of bosses on motor mount rings 
has recently been speeded up by the specially 
designed fixture seen in Fig. 6, and the use of 
two milling cutters for simultaneously finishing 
opposite sides of the bosses. The operation is 


Fig. 6. Bosses of Motor 
Mount Rings are Simul- 
Villed = on 
Opposite Sides by Two 


taneously 


Cutters. Clamps Auto- 
matically Center — the 


Work between Cutters 
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Fig. 7. Portable Electric 
Drills Mounted on An- 
gular Columns Simul- 
taneously Drill and Spot- 
face Angular Holes in 


Motor Mount Rings 


= 
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performed on a Milwaukee milling machine of 
the vertical-spindle type. The principal feature 
of this fixture lies in the construction of the 
clamps, which are designed with top and bot- 
tom jaws that are moved in unison toward or 
from each other when a wrench is applied to a 
right- and left-hand screw which passes through 
both jaws. With this arrangement, the work is 
automatically brought to the desired milling 
height by each clamp. The clamps are made to 
suit the I-beam section of the motor mount rings. 

Previously, only one face of these bosses was 
milled at a time. The present method of milling 


Fig. 8. 


Frames that were Pre- 


Landing-gear 


viously Finished on the 
irms by Milling are 
Now Machined to the 
Required Dimensions on 


a Shaper 
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both faces together and the quick clamping ar- 
rangement have effected a saving in time of at 
least 50 per cent over the former method. The 
two faces of each boss are milled to the specified 
thickness within plus or minus 0.005 inch. Cor- 
responding tolerances are specified on the par- 
allelism of the boss faces and on the relationship 


of the different bosses. The motor mount rings 
are chromium-molybdenum forgings. In loading 
the work fixture, the bosses are checked by 
means of a gage to make certain that the set-up 
allows enough stock for the finishing cut. 

Four other bosses located in an angular posi- 





Fig. 9. Tapping Operation on Tail-wheel 


Parts, which has Practically Eliminated 
Rejected Work Due to the Methods of 


Feeding Tap and Holding Work 
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tion relative to those faced in the preceding 
operation are later drilled and spot-faced by 
employing the special set-up illustrated in Fig. 7, 
This involves the use of four portable electric 
drills, mounted at the required angles. The port- 
able electric drills are assembled on slides that 
are fed up and down angular columns. The 
slides are fed by turning a star-wheel on the 
back of each column to revolve a pinion which 
engages a rack on the corresponding slide. 

Both drilling and spot-facing are performed 
with one down feed of any of the drill heads 
through the use of drills that are inserted into 
the spot-facers and held in place by means of 
set-screws. The holes are drilled to a diameter 
of 7/16 inch, while the spot-facers are 1 1/2 
and 1 3/4 inches in diameter. 

Tail-wheel parts are tapped to the Class 3 fit 
demanded in the aircraft industry by applying 
the Bakewell tapping machine shown in Fig. 9. 
The part is gripped between V-blocks by tight- 
ening a large C-clamp, after which two flat sides 
on the upper end of the part are engaged by a 
yoke at one end of a flat bar which is held in a 
vise on the left-hand side of the table. The yoke 
prevents the part from turning during the tap- 
ping operation. This operation is now performed 
with practically no rejected work, whereas the 
threads were frequently torn in the practice 
previously followed. 

Landing-gear frames are now being finished 
on opposite sides of both arms on Rockford hy- 
draulic shapers set up as shown in Fig. 8, with 
a saving in time of approximately 50 per cent 
in comparison with the milling method previ- 
ously used. The chromium-molybdenum forging 
is firmly gripped by five sets of clamps. The 
tool is set accurately for height from a round 
vertical bar, which is permanently mounted on 
the front side of the fixture. 

Collar assemblies for landing gears are com- 
pletely finish-turned and the flange faced on one 
side in the operation shown in Fig. 10, which is 
performed on an American Pacemaker engine 


Fig. 10. Carbide-tipped Tools Finish-turn 
Cylindrical Surfaces and Finish-face the 
Wide Flange on Fabricated Landing-gear 


Collar Assemblies 
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lathe. 


This part is fabricated by welding a 


8 rough-turned tube to a disk of metal, 3/8 inch 
y thick, after the disk has been bored to fit the 
. flange. The part has been rough-bored prior 
7 to the operation illustrated. It is supported from 
J the bore by a ball-bearing tailstock center, while 
“ the opposite end is gripped on the inside. 

7 After this operation, the opposite side of the 


h flange is also faced in an engine lathe. When 
the part has been finished, the flange is only 
1/8 inch thick, and both faces must be closely 


‘ parallel and also at right angles to the axis 
is across the entire 8 inches of flange diameter. 

. The application of an American radial drill- 
7 ing machine for drilling and reaming forged 


9 fittings in the opposite ends of landing-gear 
struts is shown in Fig. 11. One of the holes is 
finished to a diameter of 0.906 inch, and the 


fit : oie 
other to 1 1/8 inches. A jig insures a close 
1 ; 
S center-to-center distance between the two holes. 
9. ; : 
‘ Holes are countersunk at high speed in spar 
“a chords by the Farnham machine shown in 
; ig. 12, which was recently installed in one of ” ; shell ' 
a Pig. 12, ich was recently installed in one of Fig. 11. Forged Fittings in the Ends of 
the plane sub-assembly departments. The oper- hii :' Drill 
a : . uiuely tecils tales that © nae sanding-gear Struts are rilled Accu- 
ke ator oe y Teeds NOS a were previ- rately as to Center Distance by Employing 
> ously drilled through the spar over a plunger a Fixture Set Up on a Radial Drill 
a on the bottom arm of the machine. On opposite 
- sides of this plunger are two small vertical 
ne spring-backed fingers which are depressed when 
the spar is pushed down. The depression of 
ed these fingers actuates a solenoid switch which 
° e ° 
a causes the countersinking spindle to descend 


th for the operation and then automatically return 
to the starting position. The plunger moves 


7 down with the fingers, out of the way of the 
a countersinking tool. The countersinking spin- 
he dle is fed and returned at fast rates by an air 
wer cylinder. All chips are blown off the work and 
“ away from the tool by means of an air blast. 

Two machines of this type are able to handle 
" all work of this nature that goes through the 
i shop, whereas formerly, about two dozen drill- 
| is Ing machines were unable to keep up with pro- 
om duction schedules. 


Fig. 12. Machine Recently Installed in 

Douglas Plane-fabricating Department 

for the Rapid Countersinking of Holes 
in Spar Chords 
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Deep-Drawing Dies and Hydraulic or Mechanical 

Presses are Used by the Boeing Aircraft Co. for 

Producing Seventy Per Cent of All Formed Parts 

Required in Building Flying Fortresses—the 

Planes that Carry More Bombs Faster and Higher 
than Any Other Bomber in the World 


By BOYD K. BUCEY, Superintendent of Tools 
Boeing Aircraft Co., Seattle, Wash. 





Fig. 1. A Deep-drawing NE of the pioneers in the wide applica- 
Operation on Alelad Alu- tion of deep-drawing dies for shaping 
minum, in which a Bowl the large number of formed parts re- 
35 Inches in Diameter quired in the construction of airplanes, the 
is Drawn to a Depth of Boeing Aircraft Co. has now expanded this 
14 Inches by the Use of practice until over twelve hundred such parts 
Meehanite Dies. The Part are being made on hydraulic and mechanical 
being Drawn is the Tail- presses. Approximately seven hundred and fifty 


wheel Housing for a dies are kept ready for service, a considerable 


number of these being suitable for forming two 
or more parts similar in shape but of different 
lengths. Of these, about four hundred are truly 
deep-drawing dies. Rope drop-hammers for- 
merly used for working most sheet-metal parts 
are now being used almost entirely for turning 
out experimental parts or work-pieces for new 
models and for making modifications on _pur- 
chased parts already formed rather than for 
quantity production of regular work. 

The extensive use of deep-drawing dies by the 
Boeing Aircraft Co. was instituted by H. Oliver 
West, executive vice-president, and in charge of 
manufacturing. Long before the Japanese at- 
tack on Pearl Harbor, Mr. West laid the ground- 
work for quantity production of Boeing Flying 
Fortresses. Most of the operations outlined 
here are the results of his planning. 

The reason deep-drawing is being so widely 
applied in this field is that this method enables 
complicated pieces to be formed within the 
shortest time and within the close dimensional 
tolerances specified in airplane building. Toler- 
ances are generally within plus or minus 1/64 


Flying Fortress 
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inch, which is extremely close for parts pro- 
duced from sheet metal, especially aluminum 
alloys, which have unpredictable tendencies, so 
far as dimensions and shapes are concerned, as 
a result of heat-treatment and aging. 

Generally speaking, in the airplane industry 
a part must be produced from the specified ma- 
terial only. If difficulties arise in deep-drawing 
a part, it is not possible to change to a material 
having somewhat different physical character- 
istics that might facilitate the drawing opera- 
tion, as is frequently done in the automotive and 
other industries in.normal times. Also, the dies 
must be made to produce the part as it has been 
designed. Strength and aerodynamic require- 
ments frequently prevent modifying the dies to 
aid in the deep-drawing. 

Other handicaps encountered in deep-drawing 
aircraft parts arise from the fact that aluminum- 
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alloy sheets vary several thousandths of an inch 
in thickness between the edges and the center of 
the sheets. This necessitates making provision 
for close adjustment of die members, because a 
die that is functioning perfectly one day may not 
operate satisfactorily the next day as a result of 
slight variations in the thickness of the stock at 
drawing points between the punch and die. Ex- 
perience is of vital importance in the successful 
design and use of deep-drawing dies for aircraft 
parts. 

The biggest problem of all is to maintain the 
shape of drawn parts within the required dimen- 
sional tolerances after heat-treatment. Wher- 
ever it is possible to do so, the practice is to 
heat-treat the material and keep it in refriger- 
ators until it goes to the draw presses. When 
it is necessary to draw the metal in the soft con- 
dition, the practice is to draw to within about 
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Fig. 3. Another Set of 
Meehanite Cast-iron Dies, 


DEEP-DRA WING 


Fig. 2. Second Operation 
which Forms Beads in the 
Tail-wheel Housings that 
were Drawn in the Opera- 


tion Shown in Fig. 1 




























which is Used to Form 
Sheets to 


Shape, as 


Stainless-steel 
an Unusual 

















Shown by the Sample being 


Held at Back of Press 


1/4 inch of the final depth, then heat-treat the 
part, and finally redraw it to the required depth. 
With this method, the work-pieces will usually 
stay in the condition in which they leave the 
redrawing dies. 

Dies for airplane production must also be of 
a more versatile design than those used in auto- 
mobile plants before the war, because production 
demands are not even now sufficient to require 
their constant use. They must, therefore, be 
frequently dismantled and replaced on presses, 
and as it is virtually impossible to assign the 
dies always to the same machines, they must be 
made applicable to various presses in the shop. 
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In spite of these problems, deep-drawing is 
of inestimable value in the production of air- 
craft parts. Complicated work can be drawn in 
two or three minutes and with one operation of 
a press that might require a large number of 
blows under a rope drop-hammer and much 
hand work between the successive blows in 
order to prevent the formation of wrinkles. 

Work uniformity, too, is insured by deep- 
drawing, whereas parts produced under rope 
drop-hammers may vary widely, especially in 
these days when skilled workmen are scarce. 
Aircraft parts should fit sub-assembly jigs with- 
out any hand fitting, and consequently, uniform- 
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HELPS TO BUILD FLYING FORTRESSES 


ity is of utmost importance. Accurate parts 
save assembly time, which constitutes 60 per 
cent of the time consumed in building airplanes. 

Cleanliness of presses and dies is very im- 
portant, since scratches or other marks on air- 
plane parts will result in rejected work. Boeing 
presses are kept clean all over, not merely 
around the bolster and ram. The stock delivered 
to the machines must also be clean of all dirt, 
emery, or metal chips. 

The majority of the punches and dies used 
for deep-drawing in the Boeing plant are made 


of Kirksite, although some are constructed of 


Meehanite cast iron. In Fig. 1 is shown a 


Meehanite cast-iron die set being used on a 
Clearing 500-ton press for the first operation on 
tail-wheel housings. The ram is fitted with a 
blank-holder around the punch, which grips the 
flat sheet of 24SO aluminum on the top of the 
die during the first action of the ram, and holds 
it securely when the punch is brought down by 
the second action. A bead is formed around the 
blank by the blank-holder and die to increase 
the gripping force. This die set draws a bowl] 
about 35 inches in diameter to a depth of 
approximately 14 inches. 

After the housings have been heat-treated and 
one end sheared off, they go through a second 





Fig. 4. Forming Large 
Half-rings for the Fixed 
Cowling Nose with a Die 


Set that Includes a_ Cir- 
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Kirksite Punch 


and Die which Turn out 


Fig. 3. 





One-piece Door Frames 
in One Operation of the 
Press to Replace Frames 
that were Previously Made 
from Thirty-five Stampings 


cular Backing-up Ring in 
the Die 























operation in the same press. For this operation 
the press is equipped with the set of restriking 
dies shown in Fig. 2. This die brings the part 
to final size and also forms a series of radial 
stiffener beads as the metal is forced between 
ridges on the punch and corresponding depres- 
sions in the die surfaces. A large bead that 
extends the full length of the part is also formed 
by a ridge on the punch, which pushes the metal 
into an opening or slot in the die. This length- 
wise bead is cut off in a later operation when 
the part is severed into halves. 

Another interesting die constructed of Meehan- 
ite cast iron is illustrated in Fig. 3. This die 
draws a piece of the fixed cowling from 0.019- 
inch thick 18-8 stainless steel to a depth of 
about 10 inches. The finished part is approxi- 
mately 28 inches long by 16 inches in maximum 
width. The illustration shows a flat blank lying 
on the die. In this case, the blank is somewhat 
shorter than the die opening, as the die is suit- 
able for drawing work of different lengths. 

Again, the blank is gripped between a blank- 
holder on the ram and the top of the die during 
the first downward action of the ram, and a 
bead is formed in the blank to increase the hold- 
ing effort and retard the flow of metal. This 
principle is applied particularly in drawing op- 
erations on stainless steel. The part is drawn 
as the punch continues its descent. 

This die is equipped with a movable member 
inside the outer block, which is supported by 
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DEEP-DRAWING HELPS TO BUILD FLYING FORTRESSES 
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pins that extend upward from a hydro pneu- 
matic cushion in the bed of the press. The movy- 
able die member aids in the formation of the 
part by holding the blank firmly against the 
bottom of the descending punch, and also ejects 
the work at the end of the operation. 

This piece of work is turned out in one opera- 
tion of the press at the rate of three pieces a 
minute, whereas at least thirty-five minutes 
would be consumed in producing the part under 
a rope drop-hammer. The drawing operation is 
facilitated by wiping a drawing lubricant over 
the sections of the blank where most of the 
drawing takes place, so as to aid the slippage of 
the material between the drawing edges of the 
punch and die. 

Three stiffener beads are formed on each side 
of this stainless-steel part in a second press op- 
eration, and later, the stamping is cut in two. 

Another punch and die constructed of Meehan- 
ite cast iron for drawing 18-8 stainless steel is 
shown in Fig. 4. This part is a fixed cowling 
nose, and it is produced on an HPM 500-ton 
double-acting hydraulic press. Only half of the 
circular die is used, because it has not been pos- 
sible to obtain large enough blanks of material 
for forming complete rings. The die, however, 
was designed in anticipation of that possibility. 
A shim of stainless steel is kept on the unused 
side of the die to equalize the pressure on both 
sides of the blank-holder and thus insure satis- 
factory gripping of the blank. 





Kirksite 


Punch and Die which Form 


Fig. 6. 


Long 


Contoured V-grooves in 


Aluminum Strips to be 
Used as Flooring Angles 


on Flying Fortresses 
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DEEP-DRAWING HELPS TO BUILD FLYING FORTRESSES 


The blanks are sheared from square sheets of 
stainless steel by means of portable electric 
shears. Lubricant is painted over the blank 
just before it is placed on the die. In this opera- 
tion, a bead is also formed between the blank- 
holder and the die to obtain maximum gripping 
action. When the punch descends, the portion 
of the sheet that is being formed and a backing- 
up circular ring within the die descend together 
until the part has been drawn to the required 
shape. The movable die ring is made with a 
series of slots which permit curved pieces in the 
stationary base of the die to be exposed when 
the die ring has been depressed all the way. 
These curved inserts form radial ribs in the 
cowling nose, as shown. 

A bomb door for a bombardier’s compartment 
is drawn in one piece from Alclad aluminum by 
the dies illustrated in Fig. 5, which are shown 
set up on a Clearing 350-ton double-action me- 
chanical press. Four depressions, about 12 
inches in diameter by 1 1/2 inches deep, are 
formed in the sheet at one operation. This die 
is constructed completely of Kirksite. 

Again, the ram is fitted with a blank-holder, 
and there is a central movable die piece, or 
pressure pad, which is supported by a pneumatic 
cushion in the press bed. Bombardier door 
frames were formerly made up of about thirty- 
five separate pieces that had to be riveted and 
spot-welded together in a large number of op- 
erations. The operation shown, compared with 













Fig. 7. Die Set of Un- 
usual Design Installed on 
a Mechanical Press for 
Forming Air Scoops to 
Shape Shown by Example 


at the Left of the Die 


~ 


the previous procedure, emphasizes the econ- 
omies that can be effected through deep-drawing. 

Heavy punch and die members of Kirksite 
are seen on the Lake Erie 2500-ton hydraulic 
press illustrated in Fig. 6. The operation con- 
sists of forming two contoured V-grooves in 
strips of 24SO aluminum alloy about 7 feet long. 
The stock is heat-treated prior to this operation, 
and is formed before aging occurs. As a result 
of this practice, the operation is performed 
without wrinkles developing. These aluminum- 
alloy strips are used as flooring angles on Boeing 
Flying Fortresses. 

An ingenious die set designed for use on a 
Bliss 255-ton mechanical press for producing 
air scoops from 24SO aluminum is shown in 
Fig. 7. Blanks cut out to the shape of a key- 
stone, as seen at the right of the die, are slipped, 
one at a time, under plates on opposite sides of 
the die. These plates exert a pressure on the 
blank at the beginning of the operation. The 
die is fitted with a pressure pad, actuated by an 
air cushion in the bed of the press, which holds 
the blank against the face of the descending 
punch. The part is formed between stationary 
die-blocks, being gradually drawn from under 
the gripping plates until it assumes the shape 
indicated by the example at left of the die. 

At the end of this operation, the air-operated 
pressure pad lifts the piece clear of the die. At 
the same time, pins raise the gripping plates 
slightly for convenient reloading. 
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HE Glenn L. Martin Co. is one of the 

oldest companies in the aircraft manu- 
facturing industry. Years ago it built 

the first American bombing plane. Recently 
the world’s largest flying boat, the Mars, came 
from its work-shops. Today, its medium B-26 
bomber, called the Marauder, is acknowledged 
to be one of the best in its class. Developed 
early in 1939, it was the first military plane to 
be placed in production without going through 
a two- or three-year design-to-product period. 
Because of its relatively long period of manu- 
facture, as war planes go, there has been much 
opportunity for improvement in methods of 
manufacture. In fact, a staff of methods im- 
provement engineers is continuously studying 
operation after operation in the manufacture of 


192 — MACHINERY, July, 1943 





the B-26 bomber, seeking ways to effect savings 
in time and labor. Not all of the ideas for bet- 
ter ways of doing the job come from the meth- 
ods engineers, of course. Many come from the 
workers themselves. 

An important factor in obtaining increased 
production in fabricating B-26 parts has been 
the development of special jigs for use on Erco 
punching and riveting machines. One of these 
machines is shown in operation in Fig. 1. It 
has a dual function. An air cylinder actuates 
a driving plunger, which, on its first stroke, 
carries the punching die to the work and punches 
the holes. On its second stroke it inserts the 
rivet into the hole and heads it. A stripper die 
supports the assembly being riveted, and is used 
to locate rivets from holes in the Erco jig. 
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Assemblies consisting of flat sheets, formed 
parts, channels, angular and ‘“Z” sections, ex- 
trusions, reinforcements, and clips can be quickly 
riveted together with the aid of these specially 
designed jigs. One of the advantages afforded 
by these jigs is that by incorporating indexing 
holes in them the use of pilot holes, prick-punch 
marks, spray templet markings, or a spotlight 
to locate the exact position for punching has 
been eliminated. 

In many cases, the parts to be assembled can 


be nested together in a simple jig. It is pos- 


sible for the operator to hold these parts in 
place with his hands while holding the jig at 
the same time, due to one of the outstanding 
differences between these jigs and the usual 
type of drill jig. 


This Bombing Plane 
has been in Continu- 
ous Production for 
Over Two Years. At 
the Martin Plant, 
Methods of Building 
It are being Con- 
stantly Improved by 
Engineers Who Seek 
to Save Precious 
Time and Labor 


By 
HOLBROOK L. HORTON 


Ordinarily, if several parts are inserted in a 
drill jig, they must be held firmly in place 
throughout the entire drilling operation, so 
that all the holes will line up when the parts are 
reassembled. With the Erco jig, however, this 
is not necessary, because each rivet is driven 
immediately after the hole is punched, leaving 
no chance for the shifting of a part. In fact, 
the rigidity of the entire assembly in the jig 
increases as the operation progresses. The use 
of these jigs has made it possible to assemble 
and rivet many work-pieces in 10 to 20 per cent 
of the time formerly required. 

In the manufacture of the B-26 bomber, every 
effort has been made to utilize to the best ad- 
vantage the equipment at hand, and where pos- 
sible, to make use of standard machines by 
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MARTIN MARAUDER 


Fig. 1. 


tion 


Use of Dual-opera- 
Rivet- 
ing Machines with Specially 


Punching and 
Designed Jigs has Increased 
Sub-assemblyProductionMany 


Times Over 








Fig. 2. Ingenious Use of Two 
Milling 
Machine for 


Heads on Slotting 
Elongaling a 
Hole in Small Steel Cams to 
Slot. Unfinished 


Piece is Shown at Left, and 


Produce a 


Finished Piece at Right 


adapting them to perform special jobs. As a 
result, many machines are being successfully 
utilized for operations that are quite different 
from those for which they were designed. 

Two Bridgeport milling heads mounted on the 
rotary table of a Pratt & Whitney slotting ma- 
chine, as shown in Fig. 2, are used for elongat- 
ing a hole in each side of a small steel cam into 
a slot. A chain drive synchronizes the feed of 
both heads, so that the operator need only turn 
one handwheel. The work is held in what or- 
dinarily would be the tool-head and is traversed 
across the milling cutters to produce the slot. 
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A variety of slot-elongation jobs can be handled 
by this set-up. 

An automatic fixture that utilizes a dividing 
head on a shaper is shown in Fig. 4. A special 
indexing arrangement rotates the work-piece 
after each cut. The operation consists of cutting 
serrations in the end of door shafts. The divid- 
ing head was utilized because it was the most 
convenient means of providing a center for 
holding the work and a satisfactory point of 
attachment for the indexing device. 

Another interesting fixture is 
straddle-facing operation on _ pulley 


used for 4 
brackets, 
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OPERATIONS ON THE MARTIN MARAUDER 


as shown in Fig. 3. Several different pulley 
brackets are faced in this fixture, and each has 
arms that are at different angles with the base. 
The fixture is held in the proper position by 
means of a pneumatically operated clamp, while 
pin-stops locate the base at five different angles, 
as indicated by the scribed lines and piece part 
numbers along the edge. A Cincinnati horizontal 
milling machine is used for the operation. 
Continuous straddle-milling of fittings for 
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brace-tube engine-bearer supports is accom- 
plished on a Cincinnati vertical miller with the 
aid of the fixture shown in Fig. 5. As the lugs 
are rotated past the milling cutters a facing cut 
is taken on each side and a depth cut in the 
center of the slot. The pieces are clamped in 
the fixture in holding blocks which can be 
quickly unclamped by the operator as he loads 
and unloads the work. The machine operates 
at 41 R.P.M., with a feed of 1 1/8 inches per 


Fig. 3. (Left) 


dle-milling Bosses on a Pulley Bracket. 


Arrangement for Strad- 
Scribed Lines and Piece Part Numbers 
along Fixture Base Indicate Angular 


Settings for Different Brackets 


Fig. 4. (Below) 
for Cutting Serrations in End of Door 
Shaft. An 


Mounted on Dividing Head which Pro- 


Adapting a Shaper 


Automatic Indexing Device is 


vides Work-holding Center 











minute. The pieces are SAE X4130 steel 
forgings. 

One of the most interesting forming opera- 
tions in the manufacture of B-26 parts is that 
shown in Fig. 6. Here a plate of 24-SO alu- 
minum, 3/8-inch thick, is being shaped to the 
required curvature on a drop-hammer. After 
forming, the plate is heat-treated to a high 
hardness. This is the second of two drop-ham- 
mer operations, and is performed on a Cham- 
bersburg Cecostamp, using Kirksite dies. 

Considerable success has been experienced 
with the use of Kirksite dies, particularly as 
regards the length of runs before these dies need 











Fig. 5. A Continuous 
Straddle-milling Oper- 
ation on Brace-tube 
Engine-bearer Supports. 
Operator Loads and Un- 
loads Machine as Fix- 
ture Carries the Work 


past the Cutters 





to be trimmed or sharpened. It is thought that 
part of this success is due to a special design of 
furnace used to melt the Kirksite. This is a 
Martin patent and development, and the R-S 
Products Corporation of Philadelphia is the 
licensee. The feature of this furnace is a 4-inch 
jacket of lead, which separates the parts from 
the gas flame. The use of this thick lead jacket 
has prevented the combining of iron in the pot 
with zine in the Kirksite alloy by eliminating 
the hot spots formerly caused by the gas flames 
impinging directly on the part. The gas burners 
are Micromax-controlled, and the temperature 
of the alloy is maintained at 820 degrees F. 


“tie 


b ata ®t. LS 
Rath as 


Fig. 6. Forming Heavy 
Aluminum-alloy — Plate 
to Required Curvature 
on Drop-hammer. Fin- 
ished Part is at Left, 
Flat Plate at Right 


MARTIN MARAUDERS 
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Vega’s Experience with Carbide Milling Cutters 


(Continued from page 159) 


cutting edge and along the clearance land, it 
should be immediately taken out of operation 
and “touched up” with a fine diamond wheel. 
The full advantages of carbide-tipped milling 
cutters cannot be realized until milling machines 
are designed especially for their use. Few of 
the universal, horizontal, or vertical production 
type milling machines built today have sufficient 
horsepower to pull cutters of this type through 
heavy cuts at the speeds and feeds desired. 
For hyper-milling cutters, the milling machine 
should have an increase in horsepower of at 
least 50 per cent over present machines. 
Rigidity is another important factor in using 
this type of cutter. Since little vibration occurs 
in the cutters and arbor when the arbor support 
is reasonably close to the cutters and the over- 
arm is securely locked, machines that have the 
spindle and driving mechanism movable ver- 
tically are best suited to the use of carbide- 
tipped cutters. However, in most machines at 
present, 50 per cent of the table is without sup- 
port when the table is extended its full length 
of travel. This lack of support puts a strain on 
the knee, saddle, cross-slide, table, gibs, and 


Results Obtained by Pontiac 


HE life of many cutting tools used in war 

production has been greatly increased by 
chromium plating, according to information ob- 
tained from the Pontiac Motor Division of Gen- 
eral Motors, where chromium plating of cutting 
tools has been studied for nearly ten years. The 
experimental work was accelerated by the scar- 
city of high-speed tools at the beginning of the 
war and by the short life of these tools when 
used on the high-alloy steels specified for various 
types of war material. It is now stated that 
the experiments conducted by Z. T. Crittenden, 
chief metallurgist at the Pontiac plant, have 
proved so successful that the majority of the 
cutting tools now used in this plant on war work 
are being chromium-plated as soon as they ar- 
rive from the tool manufacturer. 

The cutting tools are plated in 400-gallon 
tanks. Prior to plating, the tools should be thor- 
oughly cleaned, and care should be taken to see 
that the tools are at the bath temperature before 
starting the plating process. This is accom- 
Dlished by hanging them for twenty seconds on 
the reverse bus-bar. The tools are then placed 
on the cathode bar, and given a maximum flash 


ways, and promotes vibration when high speeds 
and feeds are used. 

It has been Vega experience that excessive 
vibration of the table, saddle, or knee mechan- 
ism is responsible for most failures of carbide- 
tipped cutters. This is because vibration of the 
table and its supporting structure will not only 
cause the tip of the cutter, which has less clear- 
ance than high-speed steel cutters, to drag on 
the work, but will also permit rapid impact of 
the cutter against the material and foster break- 
age of the tip. This condition could be elimin- 
ated if milling machines were redesigned so that 
the table was supported for at least 90 per cent 
of its full travel. Another distinct advance in 
machine design would be to provide double sets 
of gibs and ways for both saddle and table. 

In spite of the lack of properly designed mill- 
ing machines, carbide-tipped cutters have done 
a magnificent job in the Vega shops, and the 
future production possibilities afforded industry 
by this revolutionary machining method are 
tremendous. Vega has 600 of these cutters now 
in service, and by the end of 1943 there will be 
between 1500 and 1800 of these cutters in use. 


with Chromium-Plated Tools 


of from 20 to 30 amperes per square inch. This 
current is maintained for approximately fifteen 
seconds and tapered off to about one-half the 
maximum current density at the end of thirty 
seconds. The tools are plated another thirty 
seconds at this rate and then removed. 

Some of the results obtained by flash chro- 
mium-plating tools are quoted in the following: 
Core drills have shown a 56 per cent longer life. 
Reamers on small Diesel-engine parts that aver- 
age 70 pieces before chromium plating now 
average 110 pieces. Tool bits that averaged 23 
connecting-rods now are good for 56 rods. On 
tank axles, chromium-plated bits average 110 
pieces, as against 67 pieces for the unplated bits. 
The life of taps in some instances has been in- 
creased from 160 holes to 210 holes, and in an- 
other instance, from 300 holes for a new tap to 
1000 holes for a reclaimed, chromium-plated 
tap. 

The Pontiac experiments, however, indicate 
that chromium plating is of little or no value 
on tools working on ordinary grades of steel; 
it is when high-alloy steels are machined that 
the savings become apparent. 
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Great as is the production of war materials 
in American factories, we have not yet reached 
the peak. There is no chance of resting on our 
oars. The output must reach a much higher 
level than that obtained so far. 

Here and there it has been said that the cur- 
rent requirements of the armed forces are prac- 
tically being met. Nothing could be further 
from the facts. Dur- 
ing the first three 
months of the year, 
American industry 
produced 19 per 
cent of the 1943 
quota; during the second quarter, production 
reached approximately 22 per cent, making a 
total of slightly better than 40 per cent for the 
first half of the year. 

This means that about 60 per cent of the 
year’s output must be produced during the last 
six months of the year; in other words, during 
the next six months we must produce 50 per 
cent more than we produced during the first six 
months; and the schedules for 1944 call for still 
greater effort—for a production higher than 
that of 1943. Obviously, there can be no slow- 
ing down in production. 

True, there has been some shifting in the 
production effort. For example, some plants 
building tanks have been requested to reduce 
their output. But why? Because the manufac- 
turing skill and capacity of those plants are 
more urgently needed for building other things 
necessary to the successful waging of war, such 
as locomotives, railroad cars, and artillery. 

A change in the production schedule does not 
mean less production. On the contrary, it is 
extremely important that every American man- 
ufacturer and worker should realize that the 
present production of industry is not adequate 
to meet the requirements. There have been some 
cancellations, but these are more than offset by 
greater demands for other types of war equip- 
ment. For example, the production of small 
bombs may have decreased, but that of block- 
busters has greatly increased. Such changes 
must be expected. But even these changes are 
trivial in the whole picture of war production, 
and do not affect over 2 per cent of the total. 

When it is said that industry must produce 
50 per cent more in the next six months than 


Next Six Months’ War 
Production Must Show 
50 Per Cent Increase 
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was produced during the first six months of the 
year, this does not mean that industry fell down 
on the job. It simply means that many new 
manufacturing facilities have just been com- 
pleted, so that greater output will be possible 
from month to month. 

Take the aircraft industry, for example. While 
in numbers of planes the 1943 output may not 
seem as much greater than that of 1942 as might 
be expected, when the weight and size of this 
year’s planes are considered, it will be found 
that the output will be approximately three 
times as great. In shipbuilding, the tonnage 
completed will increase month by month. 

In the machine tool industry, the pressure is 
being considerably reduced in certain instances, 
but there is still a tremendous backlog to be 
filled. As a whole, it 
would take the industry 
five months to produce 
the machines now on 
order. Approximately 
100,000 machine tools 
are still to be delivered, valued at $600,000,000. 
To be sure, there are cancellations; but so far, 
for the industry as a whole, the new orders more 
than offset the cancellations, even though they 
are not equal to shipments. 

Deliveries are needed at the earliest possible 
date. Many of the war manufacturing projects 
are not yet completed; and with changes in 
production requirements, there will be still more 
machine tools needed. Where individual plants 
may not be able to devote their entire capacity 
to machine tools, the machine tool builder is 
particularly well fitted to handle either prime 
contracts or sub-contracts on direct war work. 
Aircraft engine parts, Diesel engine parts, 
gears, turbines for ships, valves, etc., are already 
among the products that are either being made 
or will soon be made by machine tool builders. 
As long as the war is going on—and, unfortun- 
ately, it is likely to go on for a long time—the 
labor and equipment in machine tool plants are 
not likely to be permitted to be idle. 

The Army, the Navy, and the Air Force 
should never need to worry as to whether they 
have enough to spend in munitions and equip- 
ment to win an objective. Hence, 50 per cent 
more war production in the latter half of 1943, 
compared with the first half, is the goal. 


There Must be No 
Let-up in the War 
Production Effort 





























ce 
on 
aly 


0. 
ar, 
re 
ley 


ble 
cts 


ore 
nts 
ity 


ime 
ork. 
rts, 
ady 
jade 
ers. 
tun- 
-_the 

are 


orce 
they 
juip- 
cent 
943, 





Heating Gears for Hardening 
by High-Frequency Induction 


Outline of a Newly De- 
veloped Hardening Pro- 
cedure— From a Paper 
Read before the Ameri- 
can Gear Manufacturers 
Association 


By FRANK W. CURTIS 
Chief Engineer 
Van Norman Machine Tool Co. 
Springfield, Mass. 


IGH - FREQUENCY 
H inavetion heating 

for hardening gears, 
while not altogether new, 
has made rapid advances 
during the past year. Un- 
questionably, this method 
of hardening will find a 
broad field of application 
within the near future. 
Even though induction heating is restricted to 
certain types and sizes of gears, the process, 
where applied, permits exceptionally fast heat- 
ing, comparatively low operating cost, and uni- 
form results. 

High-frequency induction hardening is likely 
to have some effect on the types of steels to be 
used in the future. Heretofore, there has been 
a broad use of alloy steels, more often as a 
means of obtaining a specified hardness. How- 
ever, the indications are that a regular carbon 
steel can be used successfully for a wide variety 


Fig, l . 
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ENLARGED SECTION OF TEETH SHOWING HEAT PENETRATION 





A 6-inch Gear with a Bushing Assembled in the 
Hole before Induction Heating and Hardening Takes Place 


of gears; and when only hardness to resist wear 
is desired, it is quite possible that the use of 
alloy steels can be materially reduced. For ex- 
ample, SAE 1045 steel is suitable for induction- 
hardened gears, and surface hardnesses up to 
60 Rockwell C can be readily obtained. Another 
grade of steel that has proved suitable for in- 
duction hardening is X-1340 (the new SAE 
1141). This steel has free machining qualities 
and has been used successfully in the manufac- 
ture of a wide variety of gears. Other steels 
are available, which, having a minimum yield 

point of 100,000 pounds 
" per square inch and a Ccar- 
bon content of from 0.45 to 


pooh, 0.50 per cent, will prove 
suitable substitutes for 


many of the alloy steels in 
use today. 

Induction hardening will 
also produce some changes 
in the processing of gears. 
In the first place, a steel 
with a higher carbon con- 
tent usually can be substi- 
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Fig. 2. 


Illustration Showing Heat Penetration and 


Depth of Hardening of Gear Teeth of Different Sizes 


7 tuted for a _ carburizing 
steel, so that carburizing 
can be eliminated. A steel 
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with from 0.40 to 0.50 carbon is but slightly 
more expensive than the same type of steel with 
a low carbon content. Therefore, if surface 
hardening of the teeth can be accomplished 
without carburizing, a worthwhile saving re- 
sults. The average cost of carburizing is $0.05 
per pound, whereas the cost of a steel with 
higher carbon content is only $0.003 per pound. 

When there is a choice between oil-hardening 
and water-hardening steels, it is much better 
to use the latter, because of the more favor- 
able quenching conditions. With high-frequency 
induction heating, the hardening cycle can be 
automatically controlled, so that with the use 
of a fixture and a quench ring, a gear can be 
heated and quenched at one setting. This is 
possible also with some types of gears requiring 
oil-quenching, in which case an oil reservoir, 
pump, oil cooler, and solenoid valve are re- 
quired. In other cases of oil-quenching, it is 
necessary to heat the work and then drop it 
into an oil bath. 

When gears are hardened by high-frequency 
induction heat, the method will vary somewhat 
according to the size of the tooth. With gears 
having small teeth, of about 20 pitch, the entire 
tooth is heated, as shown in Fig. 2 at the left. 
With a slightly larger tooth, of about 12 pitch, 
the heat pattern begins to follow the contour of 
the tooth, as shown in the enlarged view. On 
gears having teeth of 8 or 10 pitch, the heat 
pattern very decidedly follows the contour of 
the teeth, and a uniform casehardening is ob- 
tained. When the tooth is larger, such as the 
4-pitch contour shown at the right, it becomes 
difficult to “throw” the heat down to the bottom 
of the tooth, with the result that the upper por- 
tion becomes deeply heated, and the heat pat- 
tern then resembles that of fine teeth. From 
this, it will be seen that the ideal condition 
prevails with teeth of 8 or 10 pitch, but a favor- 
able condition also prevails with teeth of 12 or 
14 pitch. 

An advantage gained through the application 
of high-frequency hardening is the possibility 
of shaving the teeth before hardening. Usually, 
shaving is applied to heat-treated gears having 
a hardness of 32-38 Rockwell C, with no sub- 




















Fig. 4. With Induction Heating of Gears for Harden- 
ing, the Gear Teeth Only are Hardened, the Shafts 
being Left in Their Unhardened Condition 


sequent heat-treatment after shaving. With the 
induction-hardening method, however, it is pos- 
sible to shave the gears when soft, and then 
harden the teeth as a final operation. This pro- 
cedure has many advantages, outstanding among 
which are a much harder tooth and far less wear 
on the shaving cutters. 

Another saving made possible by high-fre- 
quency induction hardening is the elimination 
of cleaning after hardening. Usually, a scale 
is formed when gears are hardened, so that a 
cleaning operation is required. With induction 
hardening, however, practically no scale is 
formed—no more than a discoloration of the 
surface—with the result that cleaning is elim- 
inated. 

As a comparison of the time required for 
hardening standard types of spur gears by 
high-frequency induction-heating converters, op- 
erating at about 300 kilocycles and with an 
input power of about 35 kilowatts, the gear 
shown at A in Fig. 3 can be heated in about 8 
seconds, and the quench will require 5 seconds. 
The gear at B will require a heating cycle of 
from 12 to 14 seconds, followed by a quench of 
about 7 seconds. For the gear shown at C, the 














\ 
8 PITCH 


D 








Fig. 3. 





200—MACHINERY, July, 1943 


The Time Required for Heating and Quenching Each of these Gears is Given in the Article 





























heating time will be from 20 to 25 seconds, fol- 
lowed by a quench of from 10 to 12 seconds. 
For the largest gear, shown at D, the heating 
time will be approximately 1 minute, followed 
by a quench of approximately 20 seconds. All 
these estimates are based on the use of a 0.40 
to 0.50 carbon steel of the water-hardening type. 

Another process change which has many ad- 
vantages is the assembly of bushings and in- 
serts prior to hardening. If a gear is to be 
provided with a bronze sleeve bushing, this can 
well be assembled before the teeth are cut. In 
the hardening operation, the heat will not travel 
as far as the bushing. In former practice, it 
was often necessary to locate the gear from the 
pitch circle and grind the hole concentric with 
the pitch diameter, after which the bushing 
would be inserted. An example of a 6-inch 
diameter gear with a bushing assembled in the 
hole before the induction-hardening operation 
is illustrated in Fig. 1. The teeth of this gear 
are cut after the bushing has been assembled, 
which assures concentricity. 

One of the outstanding advantages of high- 
frequency heating for the hardening of gears 
is the ability to heat only the surfaces that re- 
quire hardening. Two representative examples 
are illustrated in Fig. 4. The upper gear is cut 
integral with a shaft which, in,turn, is mounted 
on a ball bearing. Since there is no advantage 
in hardening the entire part, it is possible, with 
induction heat, to harden the teeth only. 

The lower example is a double-cluster gear of 
the same type, made in one piece. In processing 
this part, each gear is hardened separately, so 
that two operations are required for hardening. 





Fig. 5. Fixture Arranged for Hardening a Gear that is type. 


Cut Integral with Its Shaft 





HARDEN TEETH 




















Fig. 6. A Gear Assembly that is Conveniently 
Handled by the High-frequency 
Heating Method 


Induction 


It would be possible to harden both gears sim- 
ultaneously by making a double type induction 
coil, but the problems involved in spacing the 
coil with relation to the work, as well as in com- 
pensating for the differential in the diameter of 
the gears, might cause complications. 

After all, the hardening operation is handled 
so rapidly that very little time would be gained 
by trying to combine the two operations. The 
small gear, which is 2 1/2 inches in diameter, 
is heated in 7 seconds, with a quench of 4 sec- 
onds, whereas the larger gear, which is 4 inches 
in diameter, is heated in 13 seconds and quenched 
in 7 seconds. From this, it will be seen that the 
total hardening time, aside from loading, is 31 
seconds per piece. If both gears were combined 
in one heating cycle, the 
total time would require 
from 25 to 27 seconds, but 
it is quite likely that the 
results would not be so 
uniform. 

A set-up for hardening 
a gear cut integral with a 
shaft is illustrated in Fig. 5. 
The gear is mounted be- 
tween centers, and the in- 
duction coil surrounds only 
the section to be hardened. 
The fixture includes a base, 
a quench ring, and a cop- 
per-tube induction coil. The 
gear measures 2 1/2 inches 
in diameter, and is heated 
in 10 seconds, followed by 
a 6-second quench. 

Again, the elimination of 
straightening is in favor 
of the induction-hardening 
process for gears of this 
For example, with 
such a gear as shown, it is 
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Fig. 7. When and when Not Distortion may be Expected 


in Different Types of Gears 


likely that some warpage or deformation would 
result if the entire part were heated for. hard- 
ening the teeth. As a result, it would be neces- 
sary to add a straightening operation, which at 
times can be quite troublesome. With induction 
hardening, however, since the heat is localized 
in the gear teeth only, no warpage takes place, 
and the usual straightening operation can be 
eliminated. 

In hardening gears by high-frequency heat, 
very little distortion takes place in the average 
gear. However, there are naturally some de- 
signs in which deformation will occur. Refer- 
ring to Fig. 7, the gear at A is thin in section, 
and regardless of the kind of heating that is 
applied, there is likelihood of some distortion ; 
induction heating would be no exception. 

The gear shown at C, however, is solid, and 





Fig. 8. Hardening One of the Gear Sections of a Triple-cluster Gear 
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when hardened by high- 
frequency heat, there will 
be practically no change in 
size or shape of the gear. 
Many tests have been con- 
ducted before and after 
hardening gears of this 
type, and at the very most, 
there might be a slight in- 
crease in size at the pitch 
diameter, but the concen- 
tricity will remain un- 
changed. Usually, if a gear 
will change one way or the 
other, it can be very quickly 
detected after one or two 
tests, so that proper allow- 
ances can be made in ma- 
chining the teeth. 

The example shown at D is a double-cluster 
gear which has a multi-spline machined in the 
hole. When the larger gear is hardened, there 
will be no distortion; but when heat is applied 
to the small gear, the splined hole is very likely 
to close in slightly, depending, of course, upon 
the wall thickness between the hole and the out- 
side of the teeth. However, since only the con- 
tour of the gear teeth is hardened, the material 
around the hole, will be unaffected, as far as 
hardness is concerned, and it is possible to re- 
broach the hole with a hand broach to remove 
any deformation that might have occurred. 

The example shown at B is a triple cluster 
with three gears of different diameters, all of 
which are hardened separately. Here, again, if 
the amount of material between the hole and 
the teeth is thin, there is likely to be some clos- 
ing in of the hole. 

By having full knowledge 
of what is needed to harden 
gears successfully by the 
high - frequency induction 
process, it is possible to in- 
corporate these  require- 
ments in the original de- 
sign. Generally speaking, 
induction hardening can be 
applied to, perhaps, 90 per 
cent of all gears in the 
range that this method 
covers; and the few that 
might give trouble can 
very often be corrected by 
slight modifications in de- 
sign—usually in propor- 
tioning the amount of steel 
around the gear so defor- 
mation will not take place. 

In Fig. 8 is illustrated a 
set-up for hardening one of 
the gear sections of the 
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triple-cluster gear. In hard- 
ening a gear of this type, 
it is the usual practice to 
harden the smallest gear 
first, next the medium sized 
gear, and then the largest 
gear as a final operation. 
The reason for this is that 
the location of the induc- 
tion coil for the smaller 
gears is close to the face of 
the large gear, and if the 
large gear were hardened 
first, a slight amount of 
heat might be generated in 
it, with a slight drawing 
effect, when the smaller 
gears were heated; but by 
hardening the large gear 
last, it is obvious that the heat will be confined 
to the place where it is wanted and will have 
no effect on the other gears. 

In hardening bevel gears by means of high- 
frequency heat, the same general procedure as 
is used for spur gears is applied. The induction 
coil is wound helically to conform to the face 
angle of the gear. On straight-tooth bevel gears, 
as shown at the left in Fig. 9, the heat pattern 
follows the contour of the teeth, and uniform 
surface hardening can be easily obtained. With 
spiral-bevel gears, however, the eddy currents 
are disturbed to such an extent that there is a 
tendency to obtain more heat on one side of the 
tooth than on the other. 

On some sizes of spiral-bevel gears, this can 
be overcome by applying slightly more heat to 
insure hardening of the concave side. On other 
forms of spiral bevel gears, 
however, the best practice 
is to carburize the gear 
after the teeth have been 
rough-cut, then follow with 
the finish-cutting operation, 
after which the teeth can 
be induction-hardened by 
applying sufficient time to 
heat the entire tooth. When 
the gear is quenched, only 
the carburized surface will 
become hardened. While 
the expense of carburizing 
adds to the cost of manu- 
facture, there is the decided 
advantage of lower heating 
cost and the absence of 
scale, as well as the elim- 
ination of distortion. 

A bevel gear that is 
easily hardened by means 
of high-frequency induction 
heating and that might 
offer some difficulties under 


Fig. 9. 





Straight and Spiral Bevel Gears can also be 


Hardened by the Induction Heating Method 


usual procedures is illustrated in Fig. 6. The de- 
sign called for a hub to extend from in front of 
the face, which naturally had to be assembled 
after the gear had been cut. If the gear were hard- 
ened first and then brazed in place, the heat of 
brazing might draw the temper from the teeth. 
With high-frequency heating, however, it is pos- 
sible to first braze the shaft into the hub of the 
gear and then follow with a hardening opera- 
tion on the teeth only. The fixture used for 
hardening this gear is illustrated in Fig. 10. 
The gear is 3 1/4 inches in diameter, and re- 
quires a heating time of 12 seconds, followed by 
a quench of 6 seconds. 

In hardening spur or bevel gears by the in- 
duction heating process, the work should be ro- 
tated either by power or manually, in order to 
insure uniform heating. While it would be pos- 





Fig. 10. Fixture Used for Hardening the Gear Shown in Fig. 6 











sible to wind an induction coil that would heat 
all portions of the gear blank uniformly, it is 
not easy to do this. Therefore, by turning the 
work, it is easy to compensate for any slight 
difference in spacing between the coil and the 
work. The better method is to rotate the gear 
by means of a small motor, arranged so that the 
work turns at a speed of from 25 to 35 R.P.M. 
during the heating cycle only. As soon as the 
quench is applied, rotation stops automatically. 

The current cost for the induction heating of 
gears is comparatively low. When a 35-K.W. 
input converter is used for heating the various 


types of gears shown, the heating cycle averages 
only about one-third of the total hardening 
time. The balance is consumed in quenching, 
removing and loading the work, and changing 
the fixture from one job to another. Assuming 
the power cost to be $0.02 per K.W., the oper- 
ating cost for current would be from $0.22 to 
$0.24 per hour, based on 20 minutes of heat 
cycle. The number of pieces that can be pro- 
cessed in an hour depends on the size of the 
gears, but the average would run somewhere 
between 50 and 60, so that the average current 
cost per gear would be less than one-half cent. 


Electronic Brazing Equipment for Carbide Tools 


LECTRONIC induction equipment for the 
production brazing of carbide tools using 
any suitable brazing medium, including copper, 
has been made available by the Carboloy Com- 
pany, Inc., Detroit, Mich. Recommendations as 
to the size of the unit or units, basic coil designs, 
etc., are supplied by the engineering department 
of the company. 

The Carboloy induction tool-brazing equip- 
ment is based on a new line of General Electric 
Co.’s high-frequency (500,000-cycle) electronic- 
tube oscillators, available in two sizes having 
5- and 15-kilowatt output ratings. The 15-kilo- 
watt unit is designed to accommodate larger 
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Induction Brazing Carboloy Cemented-carbide Tool 
with Carboloy-G.E. Electronic Equipment 
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sizes of tools, and can also be used for smaller 
tools by handling two or more pieces at a time. 
The 5-kilowatt unit is designed primarily for 
brazing the smaller tools. 

In addition to the oscillator, the only equip- 
ment required for brazing tools by the electronic 
tube induction method is a table carrying a tool- 
holder fixture or fixtures and the necessary 
water-cooled coils to be connected electrically to 
the terminals of the oscillator. In using the 
equipment, the operator merely attaches a coil 
of the correct shape and size for the tool to be 
brazed, sets the control dials of the oscillator to 
the proper values with respect to current and 
timing, and pushes a button. The equipment 
automatically completes the brazing operation. 
The coils are simple to fabricate, and can be 
formed in a few minutes’ time from ordinary 
copper tubing by the user for special brazing 
operations. 


Motion Pictures for Training 
Lathe Operators 


Two 16-millimeter sound films, in color, have 
been placed at the disposal of industry by the 
South Bend Lathe Works. One of these films— 
“The Metal-Working Lathe”’—is intended to 
quickly familiarize the beginner with the name 
of each principal lathe part and its purpose, and 
with the general operation of a lathe. The sec- 
ond film—‘“Plain Turning’—demonstrates the 
machining of a shaft held between lathe centers. 
Many basic lathe operations are clearly shown 
by close-up views in this film. Information on 
how to secure these two training films can be 
obtained from the South Bend Lathe Works, 
South Bend, Ind. 

The value of motion pictures for training 
purposes is being more and more appreciated. 
These films should serve a very useful purpose. 
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Meeting of Metal Trades Association 


HE theme of the annual 
meeting of the National 
Metal Trades Association, re- 
cently held in Chicago, was 
“Production—Key to Victory.” 
The program was planned to 
bring before the assembled 
leaders in the metal industries 
the experience and knowledge 
of outstanding men in indus- 
trial management, business, 
education, and government. All 
the addresses made before the 
meeting were directly related 
to the problems created by in- 
dustry’s war production effort. 
The entire program was ar- 
ranged to aid industry in doing 
an even more effective job than 
has been accomplished in the 
past in the production of war equipment. 
Among the many addresses made before the 
Association, those mentioned in the following 
were particularly aimed at solving current prob- 
lems. Phil Carroll, Jr., management consultant, 
New York City, spoke on “Incentive—A Key to 
Increased Production.” Mr. Carroll has had 
wide experience in incentive time-study and 
management work, and his remarks were based 
upon personal knowledge of the practical appli- 
cation of time study to wage-incentive plans, 
budgets, inventory control, and standard costs. 
In his address “How to Use Job and Salary 
Rating,” E. L. Berry, vice-president of the Link- 
Belt Ordnance plant, Chicago, Ill., spoke from 
many years of experience in the field of indus- 
trial relations. Mr. Berry is well known in in- 
dustry as one of the leaders in the establishment 
of successful apprentice training methods. He 
has also developed an effective program for 
utilizing job and salary ratings for manufac- 
turing plants in the metal industry. 


Reclaiming Oil from the Air 


In high-speed machine tools, cooling oil is. 


sometimes used at a rate as high as five gallons 
a minute. Much of the oil pouring on fast cut- 
ting tools is whipped into a fine spray, and the 
cutting-edge temperatures may even turn the 
oil to smoke; often the air becomes filled with 
Spray and smoke. The oil-laden air is drawn 
upward toward the exhaust-air intake. Oil con- 
denses on lighting fixtures, electrical insulation, 
and the walls. The oil mist can be caught by an 


Roe S. Clark, Re-elected 
President of the National 
Metal Trades Association 


S. J. Kellerman, of the 
Curtiss-Wright Corporation, 
St. Louis, Mo., spoke on “‘Fore- 
men Relations,’ and Thomas 
O. Armstrong, manager of in- 
dustrial relations, Westing- 
house Electric & Mfg. Co., 
Springfield, Mass., spoke on 
“Making Good Labor Practices 
Work.” Both of these men 
have had- wide experience in 
the fields covered. Mr. Keller- 
man’s success in helping to 
solve foremen’s problems en- 
abled him to discuss this sub- 
ject authoritatively. Mr. Arm- 
strong, during his eighteen 
years with the Westinghouse 
organization, has worked in 
the capacity of foreman, pur- 
chasing agent, office employment manager, and 
supervisor of industrial relations. He is partic- 
ularly well versed in the subject of labor rela- 
tions and executive training. 

“The Post-War Outlook for the Metal Indus- 
tries’ was comprehensively covered in an 
address by John H. Van Deventer, president and 
editor of The Iron Age. An address of partic- 
ular interest to the men engaged in medium- 
and small-sized organizations was given by Carl 
E. Bolte, of the Smaller War Plants Corpora- 
tion, Washington, D. C., who spoke on “Small 
Business and Its Place in the War Effort.” 

Roe §. Clark, vice-president and treasurer of 
the Package Machinery Co., Springfield, Mass., 
was re-elected president of the Association; 
H. H. Kerr, president of the Boston Gear Works, 
North Quincy, Mass., was re-elected first vice- 
president; and George A. Seyler, vice-president 
in charge of manufacturing of the Lunken- 
heimer Co., Cincinnati, Ohio, was _ re-elected 
second vice-president. 


air-conditioning system, but the harm is done 
before the oil reaches the intake ducts. 

The best solution seems to be to remove the 
vaporized oil at each machine. With a Precipi- 
tron built into the machine tool itself, Westing- 
house engineers, in a trial installation on one 
machine, filtered four to five gallons of cutting 
oil out of the air in one day. Visibility is im- 
proved, building maintenance is greatly reduced, 
and the life of power and light cables and con- 
trols is very materially lengthened by the Pre- 
cipitron installation. 
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Direct-Current Adjustable-Speed 
Drives for Machine Tools 






Development of the Adjustable-Voltage, Direct-Current Drive has 

Resulted in Many Variations with Improved Characteristics, Suitable 

for a Wide Range of Machine Tool Applications. Five Forms of 

This Type of Drive are Described in a Series of Three Articles, 
of which This is the Last 


By G. A. CALDWELL, Industry Engineering Department 
Westinghouse Electric & Mfg. Co. 


N the first two articles of this series, the 
[[ovaracteristics of the conventional adjust- 
able-voltage, the series variable-voltage, and 
the self-excited adjustable-voltage drives were 
discussed. The fourth variation, or wide speed- 
range adjustable-voltage drive, will now be de- 
scribed. This drive utilizes the units normally 
employed in a conventional adjustable-voltage 
control with the addition of the Rototrol unit. 
Any direct-current adjustable-voltage drive 
operating over speed ranges in excess of 10 to 1 
by variable-voltage control requires compensa- 
tion for certain characteristics at low speed that 
are not important at high speed. The two most 
important factors are the residual voltage of 
the generator and the IR drop of the system. 
Most commercial generators have a residual 
voltage of between 3 and 4 per cent of their nor- 


mal operating voltage. This means that the no- 
load speed of the motor which is being driven 
by such a generator in an adjustable-voltage 
control drive is limited to a no-load speed range 
of about 25 to 1, since the residual voltage will 
not permit a voltage lower than itself to exist. 
For voltage ranges in excess of 25 to 1 it is 
necessary to make some arrangement to over- 
come this residual voltage. Also, since the 
residual voltage is a function of the previous 
magnetic history of the generator, it is neces- 
sary that the equipment used to overcome the 
residual voltage be able to adjust itself properly 
to the actual conditions. 

The speed of a direct-current motor will nor- 
mally drop as the load is applied, due to the IR 
drop of the system. Since a feed mechanism or 
similar drive must run at constant speed, re- 

gardless of the load, it is necessary 
that the speed-torque character- 
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istics of the motor driving the feed 
be practically flat. Because the 
normal drop in speed of a direct- 
current motor is almost entirely 
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due to the IR drop, some arrange- 
ment must be made to increase the 
applied voltage of the generator 
by the amount of the IR drop as 
the load is applied, so that the in- 
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range Adjustable-voltage Drive 











208—MACHINERY, July, 1943 





r- 


21 


aly 
ze- 
he 
tor 


in- 
the 
ain 
in- 
ila- 


age 
om- 
rage 
120 


eed- 





tion must be supplied in order to maintain the 
desired speed characteristics. It has been found 
by experience that a rotating regulator is satis- 
factory for this particular function, and this 
has been widely applied. 

This type of rotating regulator, called a Roto- 
trol, was first developed for elevators, and a 
large installation was made in Radio City, New 
York, in 1934. Since that time, the Rototrol 
has been used in many industrial applications. 
It is the heart of the variable-voltage planer, 
and has been proved in service over a period of 
years. Other applications include paper mill 
drives, electric shovels, and blast-furnace skip 
hoists. In appearance, it looks the same as the 
standard direct-current generator, and is usually 
mounted as a unit on the variable-voltage gen- 
erator set. 


Rototrol for Constant-Speed Regulation 


It is not our purpose here to describe the elec- 
trical circuit of the Rototrol in detail or to ex- 
plain the theory on which it works. However, 
its basic circuit, when applied to regulating 
for a constant speed, is shown in Fig. 12. The 
main generator field is connected in a special 
bridge circuit with the resistance values of the 
field, and the separate resistor units are so se- 
lected that there is no potential difference be- 
tween the points where the Rototrol armature 
is connected. The Rototrol armature, by gen- 
erating a voltage, will circulate current through 
the generator shunt field and the Rototrol self- 
energizing field, and modify the excitation of 
the main generator primarily determined by the 
exciter bus voltage and the setting of the control 
rheostat. 

At no load, the Rototrol shunt pilot field, con- 
nected across the terminals of the direct-current 
shunt motor, just balances the Rototrol self- 
energizing fields, so that zero excitation and 
output of the Rototrol armature results. The 
Rototrol shunt pilot and series pilot fields are so 
proportioned that, for any load condition, the 
net excitation in the Rototrol unit is propor- 
tional to the counter-E.M.F. of the motor. With 
an increase in motor load, resulting in an in- 
crease in armature current, the excitation pro- 
vided by the Rototrol series pilot field will in- 
crease. Furthermore, a reduction in the main 
generator voltage under load will serve to de- 
crease the excitation provided by the Rototrol 
shunt pilot field. 

The net result of these interactions is an out- 
put voltage of the Rototrol armature which 
circulates current through the Rototrol self- 
energizing fields and main energizing fields, 
supplementing the excitation that the main 
generator field receives from the exciter bus. 
The Rototrol balance, or point of zero current 
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Fig. 13. Use of a Rototrol in a 7 1/2-H.P. Machine 

Tool Feed Drive Holds Speed Variation to Negligible 

Amount at Speed Settings from 15 to 1800 R.P.M., 
as Shown by Flat Curves 


output, will be restored when the main gener- 
ator voltage increases sufficiently to restore the 
motor speed to the correct value. Thus, the Roto- 
trol series pilot field serves to compensate the 
circuit for the resistance drop in the lines and 
motor armature, and the Rototrol shunt pilot 
field serves to compensate the circuit for the 
resistance drop as well as magnetizing effects 
which occur in the main generator armature. 

The results that can be obtained by the cor- 
rect application of the Rototrol unit to the con- 
ventional adjustable-voltage control are indi- 
cated in Fig. 13. These curves are actual tests 
on a 7 1/2-H.P. machine tool feed equipment 
using the Rototrol just described. The curves 
show the regulation of the motor to double full- 
load current over a range from 15 R.P.M. to 
1800 R.P.M., or a total range of 120 to 1. Of 
this range, speeds of approximately 1000 R.P.M. 
down to 15 R.P.M. are obtained by adjustable- 
voltage control, and those from 1000 R.P.M. up 
to 1800 R.P.M. by motor field control. 

It can be seen by reference to these curves 
that the change in speed with the application of 
the load is so small as to be negligible, and there 
is no tendency for the motor to stall, even when 
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the speed has been reduced to one- 
sixtieth by voltage control. It is to be 
noted that, at light loads at this speed, 





Relative Advantages of the Five Forms of 


Adjustable-Voltage Drives 





the voltage required is less than the 


SPEED RANGE | pom " 




















‘ TYPE SIMPLICITY COST | yo.TAGE | FIELD 
residual voltage of the generator. The imu 
regulator has caused the reversal of SERIES VARIABLE-| ry goer a rn ae 
current in the field of the generator to VOLTAGE ‘ 
buck down the voltage to give the aida " a Caitinn Tides diel 
proper speed required at no load. As _ | sqwsmee-voimote 
the load is increased, it again restores connanenenmees ; + Lieletng Vitel 2 
the current to its original direction to  |savus7ace -volTace 
build up the voltage sufficiently to over- ee aaetitinaaae ‘ a: Rants Ractie Latitee ; 
come the resulting IR drop. ADJUSTABLE-VOLTAGE 

From these results it is evident that [yyige-seceo manet ‘ py ay Hr ee 
the use of the Rototrol in an otherwise | 40usmace-voirace 























conventional adjustable-voltage control 
scheme gives a speed range far beyond 





SPEED RANGE BY FIELD CONTROL GIVES CONSTANT HORSEPOWER 
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the limits thought possible a few years 
ago, without greatly complicating the 
electrical apparatus or going to laboratory type 
of equipment. Several drives of this type have 
been supplied during the last two years for feed 
drives of various types of machine tools. Since 
practically the entire range of these drives is 
obtained by variable-voltage control, they are 
essentially constant-torque drives, and are par- 
ticularly adapted to feed drives where a wide 
speed range at constant torque is required. 


Electronic Adjustable-Voltage Drive 


A fifth general classification of adjustable-volt- 
age drives is the type that uses the conventional 
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Fig. 14. 


A Constant-torque Drive may Show Varia- 


tion in Ratio of Horsepower to Speed due to Rela- 
tively Poorer Dissipation of Heat Losses at Low 
Speeds. 


As Shown by Upper Curve, Forced Ventila- 
tion Corrects This Variation 
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direct-current motor with an electronic rectifier 
for its source of power instead of a motor-gen- 
erator set. Experimental units have been in 
use for several years on various types of appli- 
cations, and there is no doubt but what there 
will be further developments and applications of 
this type of adjustable-voltage control. At the 
present time, the equipment is rather limited in 
size and speed range. The electronic adjustable- 
voltage control is-also more expensive than the 
conventional adjustable-voltage control using a 
motor-generator set. 

The normal unit uses two electronic tubes to 
give single-phase full-wave rectification, with 
power supplied to the tubes by a suitable pri- 
mary transformer. In addition to the main- 
circuit rectifier tubes, there is a set of smaller 
tubes used to give direct-current power for the 
field circuit. Not only is this unit more expen- 
sive, so far as the rectifying equipment is con- 
cerned, but, in order to obtain a given rating 
from the driving motor, a larger frame size may 
be required than for conventional adjustable- 
voltage control. This is due to the fact that the 
direct current, even at full voltage, is pulsating, 
and this sets up additional losses in the motor. 
The speed range is obtained by means of grid 
control, which makes the direct current even 
more pulsating at low speed, increasing motor 
losses and motor heating. 

This type of control equipment will probably 
have its greatest appeal to machine tool manu- 
facturers in cases where there is a need for a 
fairly wide speed range, but where the mount- 
ing of a motor-generator set is objectionable, 
either from the standpoint of space or vibra- 
tion. The vibration problem is especially im- 
portant on certain types of grinders that are 
used for obtaining high finishes. The principal 
disadvantages of this type of equipment at 
present are its high cost and the fact that main- 
tenance men are not familiar with it. 
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Motor Ventilation a Factor in 
Constant-Torque Drive Output 


3efore summarizing the various types of 
drives, I would like to bring out one point that 
is frequently overlooked when applying an ad- 
justable-voltage drive having a fairly wide 
speed range. It is often stated that a motor 
operating over a wide range by voltage control 
has constant torque. Such a statement is not 
quite true, owing to the fact that a motor run- 
ning at low speed is not ventilated as well as a 
motor running at higher speeds, and therefore 
the heat losses in the machine are not dissipated 
to the same extent. Hence, a motor carrying 
constant current over a wide range of speed will 
run hotter at low speed than at high speed. 

Although this effect will vary with the size 
and design of the motor, the approximate rela- 
tion of torque rating to the speed of the motor 
is shown in Fig. 14. These curves are based on 
a motor running at its rating continuously at a 
40-degree C. rise and its base full speed. They 
are also based on the motor being supplied with- 
out enclosing covers. The addition of any form 
of protective covering increases the temperature 
rise at any given speed. In the case of many 
of the larger motors, where it is desired to have 
them well protected and at the same time oper- 
ate over a wide speed range, forced ventilation 
may be easily justified, as this gives normal 
ventilation of the motor at any speed, and it is 
therefore really a constant-torque application. 


Comparison of the Five Forms of 
Adjustable-Voltage Drives 


A comparison of the various types of adjust- 
able-voltage drives on the basis of simplicity, 
cost, speed range, and speed regulation is given 
in the accompanying table. The series variable- 
voltage drive rates first in regard to simplicity 
and cost. However, it is limited in its speed 
range and does not have as good voltage regula- 
tion as some of the other drives. It is partic- 
ularly adaptable to drives requiring constant 
torque in their application and high starting 
torques. It is not suitable for rapidly fluctuat- 
ing loads nor is it particularly suitable for 
rapidly reversing loads. 

The self-excited adjustable-voltage drive rates 
next to the series variable-voltage type in regard 
to simplicity and cost, and has a comparable 
speed regulation. It has approximately the same 
Speed range, and can be used for the same gen- 
eral type of applications, but it has an advan- 
tage in that it can be used more readily on rap- 
idly fluctuating loads, and various control fea- 
tures can be more easily applied. This drive 
also is well adapted to applications that require 
high torques at low speeds, as the drive operates 





over a 4 to 1 speed range at constant horse- 
power. 

The conventional adjustable-voltage drive is 
applied in certain cases requiring speed ranges 
in excess of those obtainable on the simplified 
drives just mentioned. The drive is naturally 
more elaborate and expensive, but it has a bet- 
ter speed regulation, and is more flexible when 
it comes to adding special control features. 

The electronic adjustable-voltage contro] is 
more expensive, and uSually more complicated, 
than the conventional adjustable-voltage control 
drive. It has about the same speed range, 
although the simplified form has a poor speed 
regulation. The principal advantage is that the 
motor-generator set, with its vibration and 
mounting problem, is eliminated. 

The wide speed-range adjustable-voltage drive 
is naturally more elaborate and more expensive 
than the other drives, but this is balanced by 
the fact that the Rototrol unit gives it a much 
wider speed range and better speed regulation 
than any other form of adjustable-voltage drive. 

These five drives represent what the electrical 
industry has to offer in the way of adjustable- 
speed drives, and all of them are actually in use 
on various types of machine tool] applications. 
There is no doubt but what many additional 
applications will be made in the near future. 


* * * 


New Spring Construction for Dampening 
Vibration and Deadening Sounds 


A device embodying a patented spring con- 
struction with a mounting so designed that 
thrust can be taken from any direction has been 
developed by the Rande Specialty Co., Hoboken, 
N. J., for the purpose of dampening vibration, 
deadening sound, and absorbing shock in ma- 
chine operation. 

The device consists of a number of cells, each 
with a spring mounted in it. These cells are 
fabricated into a unit, on the principle of a 
mattress, but each cell deflects independently. 
The units are easily applied to a wide variety 
of uses, either singly or in multiple blocks. The 
standard unit is a nine-cell construction—three 
cells in each direction—with a 100-pound load 
capacity and occupying a space of 2 1/2 by 2 
by 5/8 inch. 

Any weight within the capacity of the equip- 
ment can be floated by placing the required num- 
ber of 100-pound unit springs together on a 
solid footing under a machine base or other load. 
A group of thirty-six unit springs, for example, 
will occupy approximately one square foot, and 
will float 3600 pounds. These unit springs have 
been used for five years on rolls and presses in 
laundries, but are now available for wider 
applications. 
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EQUIPMENT, UNIT PARTS, AND MATERIALS 


To Obtain Copies, Fill in on Form at Bottom of Page 213 the 
Identifying Number at End of Descriptive Paragraph, or Write 
Directly to Manufacturer, Mentioning Catalogue Described in the 


Mounted Grinding Wheels 


BAY STATE ABRASIVE PRODUCTS 
Co., Westboro, Mass. Booklet con- 
taining complete data on Bay 
State standard shapes and _ sizes 
of mounted grinding wheels and 
points. Circular descriptive of the 
method of forming Bay State 
mounted wheels and points from 
uniform blanks, which assures a 
constant grade of hardness. 1 


Universal Shaft Joints and 
Assemblies 


BROOKS EQUIPMENT CORPORATION, 
90 West St., New York City. Cata- 


logue containing data on Beco 
shaft joints and assemblies of the 
hinged and universal types, the 
latter having operating ranges 
from 0 to 360 degrees in any 
plane. 2 


Small Fine-Pitch Hobs 
BARBER-COLMAN Co., 204 Loomis 
St., Rockford, Ill. Catalogue en- 
titled “Facts About Small Fine- 
Pitch Hobs,” containing informa- 
tion on the characteristics of these 
hobs and methods of using and 
sharpening them, together with 
production data. 3 


Metal Cleaning Handbook 


MAGNUS CHEMICAL Co., INC., 
Garwood, N. J. Metal cleaning 
handbook (72 pages), containing 
information on the selection of 
cleaning materials, methods of use, 
and types of washing equipment 
best adapted for cleaning various 
shapes of metal articles. cial 


Taps 

THREADWELL TAP & DIE Co., 
Greenfield, Mass. Booklet entitled 
“How to Sell Threadwell Taps to 
Industrial Users,” containing basic 
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information on the design, con- 
struction, and use of taps, as well 
as helpful suggestions for sales- 
men. 5 


Boring-Bar Operator's Manual 

McCrosky TOOL CORPORATION, 
Meadville, Pa. Manual for users 
of McCrosky adjustable boring- 
bars, containing complete informa- 
tion on the design and construction 
of these bars and their correct use, 
including instructions for regrind- 
ing. 6 


Electrode Comparison Chart 
AIR REDUCTION Co., 60 E. 42nd 
St., New York City. Electrode 
Comparison Chart, giving the prin- 
cipal AWS and ASTM electrode 
classifications and listing the elec- 
trodes produced by twenty leading 
manufacturers to meet the differ- 
ent requirements. 7 


Mounted Grinding Wheels 
GRINDING WHEEL MANUFACTURERS 
ASSOCIATION, 27 Elm St., Worcester, 
Mass. Bulletin containing informa- 
tion on the principles of safe and 
efficient operation of mounted 


grinding wheels and points, to- 
gether with tables of critical 
speeds. - 


Handbook for Welding 
and Cutting 


INTERNATIONAL ACETYLENE ASSO- 
CIATION, 30 E. 42nd St., New York 
City. “Handbook for the Welding 
and Cutting Operator,” containing 
information of value to users of 
the oxy-acetylene welding and cut- 
ting processes. See 


Lignum-Vitae in the War Effort 


LIGNUM-VITAE PRODUCTS CORPO- 
RATION, 96-100 Boyd Ave., Jersey 


City, N. J. Publication entitled 
“An Important Wartime Report 
for Production and Engineering 
Executives—How Lignum-Vitae is 
Being Used for Mechanical and In- 
dustrial Purposes.” 10 


Blueprints and Other Repro- 
ductions of Tracings 
PARAGON-REVOLUTE CORPORATION, 
77 South Ave., Rochester, N. Y. 
Handbook of Print-Making and 
Processing (40 pages, 8 1/2 by 11 
inches), covering blueprints, sepia 
negatives, direct process prints, 
and reproduced tracings. 11 


Special-Purpose Machines 
FITCHBURG ENGINEERING CORPO- 
RATION, Fitchburg, Mass. Catalogue 
illustrating and describing some 
of the many types of milling and 
boring machines built by this com- 
pany to solve special production 
problems. 12 


Preparing Metal Surfaces for 
Black Oxide Finishing 

OAKITE PRODUCTS, INC.,26 Thames 
St., New York City. Booklet con- 
taining technical data on the prep- 
aration of ferrous and non-ferrous 
metal surfaces for black oxide fin- 
ishing. . 13 


Precision Lathes 

SoUTH BEND LATHE WORKS, 
South Bend, Ind. Catalogue 10, 
descriptive of South Bend 10-inch 
tool-room and quick-change gear 
precision lathes. Catalogue 14-C, 
on South Bend 14 1/2-inch tool- 


room lathes and engine lathes. 14 
Tube-Bending Machines 
for Aircraft Work 

WALLACE SUPPLIES MFc. CO. 


INC., 1300 Diversey Parkway, Chi- 





RN ot 
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— 





cago, Ill. Bulletin 33, Section A3, 
descriptive of hydraulic automatic 
tube-bending machines for aircraft 
work. Stadia ae 


Machine for Rapidly 
Identifying Steel 

DRAVO CORPORATION, Machinery 
Division, 300 Penn Ave., Pitts- 
burgh, Pa. Bulletin 543, descriptive 
of the Identometer, an electrical 
instrument for the rapid identifica- 
tion of different kinds of steel._16 


Hydraulic Duplicating . 
Equipment 

TURCHAN FOLLOWER MACHINE 
Co., 8249 Livernois Ave., Detroit, 
Mich. Booklet on hydraulic dupli- 
cating equipment for lathes, plan- 
ers, shapers, grinding machines, 
and milling machines... 17 


Electric Bonder for Metallizing 
Operations 


METALLIZING CO. OF AMERICA, 
1330 W. Congress St., Chicago, III. 
Folder descriptive of the new 
Mogul electric bonder for prepar- 
ing hardened metal surfaces for 
metallizing. 18 


Spring Design 

MID-WEST SPRING MFG. Co., 
4632 S. Western Ave., Chicago, III. 
Manual of spring design, contain- 
ing formulas and other engineer- 
ing data covering various types of 
springs, as well as wire forms. _19 


Air-Hardening Die Steel 
FIRTH-STERLING STEEL Co., Mc- 
Keesport, Pa. Bulletin SL-2002, 
describing composition, character- 
istics, heat-treatment, and applica- 
tions of Cromoco air-hardening die 
steel for high production... 20 


Cemented-Carbide Drawing 
Dies 

CARBOLOY COMPANY, INC., 11147 
E. Eight Mile Road, Detroit, Mich. 
32-page manual on cemented-car- 
bide dies for drawing wire, bars, 
tubing, and sheet metal. __ = 


Cemented-Carbide Milling 
Cutters 

McKENNA METALS Co., 147 
Lloyd Ave., Latrobe, Pa. Catalogue 
entitled “Specialized Milling with 
Grayson-Kennametal Milling Cut- 
ters.” ; é 22 


Rotary Tool-Carrier 
PRODUCTION MACHINERY DEVEL- 
OPMENT Co., 4845 St. Aubin Ave., 
Detroit, Mich. Circular illustrating 
and describing the Matthew pat- 
ented precision rotary tool-carrier 
for vertical milling machines. — 23 


White-Print Reproductions 
of Tracings 

OZALID PRODUCTS DIVISION, GEN- 
ERAL ANILINE & FILM CORPORA- 
TION, Johnson City, N. Y. Folder on 
Ozalid white prints—positive repro- 
ductions of original tracings. 24 


Aircraft Chains 


LINK-BELT Co., 307 N. Michigan 
Ave., Chicago, Ill. Engineering 
Data Book No. 1825, containing in- 
formation for aircraft engineers 
specially applicable to the design 
of chains and sprockets for air- 
craft applications. .... 20 


Forming-Press Dies 

DrREIS & KRUMP MFG. Co., 7416 
Loomis Blvd., Chicago, Ill. TIllus- 
trated treatise, of 40 pages, en- 
titled “Forming-Press Dies and 
Their Uses,” giving detailed in- 
formation. 26 


High-Production Metal- 
Forming Machinery 

YODER Co., W. 55th St. and Wal- 
worth Ave., Cleveland, Ohio. Cir- 
cular covering the Yoder line of 
high-production metal-forming ma- 
chinery. 27 


Cleaning and Drying 
Compressed Air 

LOGAN ENGINEERING Co., 4900 
Lawrence Ave., Chicago, Ill. Bul- 
letin 543, on the Aridifier, a device 
that cleans and dries compressed 
air. 28 


Turbine-Electric Drives 
for Ships 

GENERAL ELECTRIC Co., Schenec- 
tady, N. Y. Publication entitled 
“Turbine-Electric Drive for Ship 
Propulsion.” 29 


To Obtain Copies of New Trade Literature 


listed on pages 212-214 (without charge or obligation), fill in below the 
publications wanted, using the identifying number at the end of each 
descriptive paragraph; detach and mail to: 


MACHINERY, 148 Lafayette St., New York 13, N. Y. 














No No. No No. No. No. No. No. No. No. 
ce cccs...Position or Title — ; 
{This service is for those in charge of shop 
: and engineering work in manufacturing plants.] 
Firm 


occceseveee. State 
[SEE OTHER SIDE] 





MACHINERY, July, 19483—213 





Precision Manufacturing 

ACE MFG. CORPORATION, 1253 E. 
Erie Ave., Philadelphia, Pa. Book- 
let entitled “Fine Precision,” de- 
scribing the company’s facilities 
for undertaking precision manu- 
facturing. 30 


Automatic Screw Machines 
GEORGE GORTON MACHINE Co., 
1316 Racine St., Racine, Wis. Cat- 
alogue on the new Gorton 16-A, 
precision automatic screw ma- 
chine. 31 


Hydraulic Equipment 
HYDRAULIC MACHINERY,  INC., 
12825 Ford Road, Dearborn, Mich. 
Bulletin on hydraulic power units; 
also bulletin on hydraulic test 
units. 32 


Electronic Adjustable-Speed 
Drive 

WESTINGHOUSE ELECTRIC & MFG. 
Co., East Pittsburgh, Pa. Booklet 
B-3256, illustrating and describing 
the Mot-O-Trol, an electronic ad- 
justable-speed drive. 33 


Arc-Welding Machines 
GENERAL ELECTRIC Co., Schenec- 
tady, N. Y. Bulletin GEA-1440J, 
illustrating and describing Type 
WD direct-current, single-operator 
arc-welders. 34 


Carbide-Tool Grinders 


WILLEY’S CARBIDE TOooL Co., 
1340 W. Vernor Highway, Detroit 


(16), Mich. Folder describing two 
new carbide-tool grinders equipped 
for wet grinding. 35 


Tap Data 


GREENFIELD TAP & DIE CORPO- 
RATION, Greenfield, Mass. Third of 
a series of folders on the subject of 
taps and tapping, entitled ““Twenty- 
two Reasons Why a Good Tap Can 
Go Wrong.” 36 


Transmissions for Machine 
Tools 

WESTERN MFc. Co., 3400 Scotten 
Ave., Detroit, Mich. Bulletin illus- 
trating and describing Western 
transmissions up to 30 H.P. for 
machine tools. -. 37 


Duplicating Equipment 
DETROIT UNIVERSAL DUPLICATOR 
Co., 749 E. Milwaukee Ave., De- 
troit, Mich. Bulletin D-60, entitled 
“What is Duplimatic and How 
Does It Work?” 38 


Manganese Steel 


AMERICAN BRAKE SHOE Co., Chi- 
cago Heights, Ill. Bulletin 543-G, 
entitled ‘“‘Manganese Steel—the 
Toughest Steel Known for General 
Industry.” 39 


Universal Slotmaster 
EXPERIMENTAL TooL & DIE Co., 

12605 Greiner Ave., Detroit, Mich. 

Bulletin on the Universal Slot- 


master as applied to milling ma- 
chines. 


Centerless Grinding 
CINCINNATI GRINDERS INC., Cin- 
cinnati, Ohio. 48-page instruction 
book entitled “Principles of Center- 
less Grinding.” 41 


High-Temperature Lubricant 
ACHESON COLLOIDS CORPORATION, 
Port Huron, Mich. Bulletin 423- 
YY, on “Colloidal Graphite as a 
High-Temperature Lubricant.” 42 


Universal Dial Indicators 

FEDERAL PRODUCTS CORPORATION, 
1144 Eddy St., Providence, R. I. 
Folder descriptive of the new Test- 
master universal dial indicator. 43 
Industrial Diamonds 

J. K. Smit & Sons, INC., 157 
Chambers St., New York City. 
Booklet entitled “Diamonds in In- 
dustry,” published monthly. 44 


Welding Positioners 


RANSOME MACHINERY Co., Dun- 
ellen, N. J. Bulletin 196, on weld- 
ing positioners of 2500 pounds 
capacity. 45 


Precision Measuring 
Instruments 

JANSSON GAGE Co., 19222 Glen- 
dale Ave., Detroit, Mich. Handbook 
on “Precision Measurement.” 46 


Zinc-Plated Steel 


AMERICAN NICKELOID Co., Peru, 
Ill. Folder on zinc-plated steel. 47 


To Obtain Additional Information on Shop Equipment 


Which of the new or improved equipment de- 
scribed on pages 222-242 is likely to prove ad- 
vantageous in your shop? To obtain additional 
information or catalogues about such equip- 


ment, fill in below the identifying number found 
at the end of each description—or write directly 
to the manufacturer, mentioning machine as 
described in July, 1943, MACHINERY. 














Fill in your name and address on other side of this blank. 


Detach and mail to MACHINERY, 148 Lafayette St., New York 13, N. Y. 
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Just Put Chuck on Machine 
and Start Work 








cceee No 
AUXILIARY 
EQUIPMENT 


is needed with 
PERMANENT 
MAGNET TYPE 


MAGNETIC 
CHUCKS 


—because Permanent 
Magnets Provide 
the Holding Power 








No complicated installations are required when you use Brown & Sharpe sey ot pater iy ag 2 hg argh 
Magnetic Chucks of the Permanent Magnet Type. No special prepara- cepecially sulted for grinding operations 
° ee ele can be use or orner lig macnine work, 

tions are necessary — no wiring — no auxiliary current supply or gen- 
i . ae LOWER, Rectangular Model No. 1236. This 
erators. Simply place the chuck on the machine where it is to be used 12” x 36” chuck, the largest stock size in the 
; ; : line, is suited for | k or f 
and commence work. Small sizes are transferred easily from machine to rp hea ony lags laamaiaaliaea 


of duplicate parts. 
bench for hand operations. 


Perhaps Brown & Sharpe Magnetic Chucks would help you in maintain- 
ing your production quotas in the armament program. Or their efficiency 
and simplicity of operation might aid in a saving of manpower. Com- 
plete range of sizes for all ordinary requirements. Magnetic chuck cat- 


alog sent on request. Brown & Sharpe Mfg. Co., Providence, R.1., U.S.A. 
NO WIRES—NO HEATING—NO OPERATING COSTS 





For sale only in the U.S. A. and its Territories and in Canada. 


BROWN & SHARPE | 






























Kirksite Cast Jaws Facilitate Machining 
Operations 








[* the manufacture of hy- 
draulic fittings, the Amer- 
ican Screw Products, of Los 
Angeles, Calif., for a long 
time followed the practice of 
making jaws out of steel for 
holding the fittings in the ma- 
chining operations. The pro- 
duction of these jaws in the 
tool-room was a slow and ex- 
pensive process, and they were 
satisfactory only when _ pro- 
duced by skilled workmen. 


In an effort to comply with y 
the War Production Board’s Fig. |. Kirksite Jaws can be Cast around Unusual-shaped Pieces for 
request for greater production Machining. At Lower Right are Jaws for Holding Hydraulic Fittings 


experiments were conducted 

with a view to making these jaws from a com- fusible alloy led to casting the jaws from the 
mercial type of fusible alloy. The alloy was cast zinc-base alloy Kirksite A. This practice has 
around the fittings, and after it had hardened effected great economy and speeded up produc- 
was cut into two parts or jaws. The need for tion. Believing that a tremendous number of 
a harder and more durable material than this man-hours could be saved by the adoption of 












Fig. 2. A Pair of Kirksite Jaws Applied to a Barker Fig. 3. Another Pair of Kirksite Jaws Mounted in a 
Wrenchless Chuck for Holding Right-angle Fittings Vise for Holding Right-angle Fittings for Operations 
while Turning, Boring, and Threading on an Upright Drilling Machine 
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- ‘é P a. See deapesinasiehicetan 
It’s “"Homener and Tongs” on the production 
line for Victory on the battle line... 


Tons of armor plate, tough alloy steel, tricky 
aluminum sheets for airplanes, tanks, ships, and 
equipment for our armed forces are sheared on | 


Cincinnati All-Steel Shears. 


A Cincinnati All-Steel Shear may “step-up” 
your production. 


Write for recommendation and Catalog S-2 


THE CINCINNATI SHAPER CO. 


CINCINNATI OHIO U.S.A. 


SHAPERS BRAKES SHEARS 








this practice in other plants, the American 
Screw Products is offering engineering service 
and data freely to those interested. 

The particular value of the practice lies in its 
universal adaptation to various types of clamp- 
ing fixtures, chucks, over-size collets, and vises. 
The jaws can be used in multiple-spindle auto- 
matic chucking machines, wire-feed screw ma- 
chines, turret lathes, vises, and so on. 

Two sizes of jaws, 2 7/8 and 4 inches outside 
diameter, accommodate practically all of the 
forgings handled in the plant of American Screw 
Products. In sets of five pairs, these jaws can be 
used for long runs on automatic chucking ma- 
chines. For a short run, any set can be mounted 
on two-jawed air chucks, Barker wrenchless 
chucks, or special over-sized collets. The jaws 
can also be mounted in an air-operated vise for 
operations on drilling machines. 

Two sets of Kirksite jaws opened up are seen 
at the lower right in Fig. 1, and a closed set 
immediately to the left of the open pairs. The 
closed set has slots milled in opposite sides to 


adapt the jaws to two-jawed air chucks. Still 
further to the left is a jig employed in drilling 
four holes in the faces of jaws to be applied to 
over-size collets. 

Fig. 2 shows Kirksite jaws mounted on a 
Barker wrenchless chuck for use on a lathe, and 
Fig. 3 shows another pair of these jaws set up 
in a vise for a drilling operation on right-angle 
fittings. 

Operators and set-up men have been found 
to prefer Kirksite jaws to the machined type 
previously in use. The Kirksite jaws require 
no shimming or adjusting, and because they 
hold the forging over a large area of contact, 
enable superior work to be turned out. The jaws 
can be mounted quickly and the forging will run 
true. This feature makes it possible to allow 
only 1/16 inch of stock on diameters in turning 
fittings instead of the not uncommon allowance 
of 3/32 or 1/8 inch. A set of Kirksite jaws has 
been used for from 8000 to 10,000 operations 
without loss of accuracy, which means that 
their life is much longer than that. 


Repairing Worn Ways on Engine Lathes 


by Metallizing 


By C. A. SHAFFER, General Machinery Supervisor 
Illinois Central Railroad Co., Chicago, Ill. 


shortage of new machine tools already was 

being experienced, the Illinois Central Sys- 
tem made an effort to repair and make available 
for service all old and unused equipment in its 
shops. At this time, an engine lathe that had 
been retired from service was inspected to de- 
termine its proper disposition. 

The general condition of the lathe unquestion- 
ably warranted repairs, but in addition to work 
necessary on the headstock and clutch mechan- 
ism, it was found that the carriage ways on the 
bed were worn hollow for a length of about 7 
feet and to an approximate depth of 1/32 inch 
at the lowest point. Having no planer available 
on which to replane the lathe bed, consideration 
was given to other means of restoring the ways. 
We had never heard of metallizing being used 
for this purpose, but it seemed feasible and 
worth trying. 

A local metallizing concern—Metallizing, Inc. 
—that had done some of our other work was 
asked for an opinion. The experience of the 
firm had not covered this type of work, but the 


GS sortase before Pearl Harbor, when a 
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company offered to do the metallizing practic- 
ally at cost, in order to determine its merit. Ac- 
cordingly, an order was placed with them for a 
job considered more or less of an experiment. 


Old Method of Repair 


The old or conventional method of correcting 
worn ways is to disassemble the machine or at 
least remove all units from the lathe bed, in 
order to remachine the ways and top surface of 
the bed in a planer. Owing to the fact that the 
top bed surface is lowered by this method, it is 
necessary to compensate for the depth of metal 
removed by relocating the lead-screw and feed- 
shaft nut and clutch units in the carriage apron, 
and possibly make some other similar correction 
because of the alteration in the original height 
of the bed. A complete job of this kind requires 
from 120 to 260 man-hours. The average cost, 
including labor and machinery, is around $200. 

In planning to do this work by metallizing, 
some tests were first made. A test piece 18 
inches long, of cast iron like that in the lathe 











ge a ae bon 5 eee ot 
% Bd at ; be randy 


AIRCRAFT 


Large scale production of Aircraft 
Landing Gear Struts includes a num- 
ber of intricate operations— one of 
which is illustrated below. This job 
is performed at the plant of the 
Axelson Manufacturing Co., and em- 
ploys the Super Service Radial to 
drill holes in forgings for end fittings 
at the exact angle in respect to the 
center line of the work. Precision 
: locating, plus the precision-perform- 
CINCINWA ‘Wi ance of the Super Service Radial 
/ @ results in the production efficiency 
so essential to the maintenance of a 
high output rate. Detailed informa- 
tion on the wartime performance 
possibilities of the Super Service 
Radial upon request. 
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bed, was machined to the same shape and di- 
mensions as a cross-section of the lathe ways. 
To this was applied a coating of a recommended 
hard steel. The test piece was then subjected 
to abuse, such as pressure, shock, and attempted 
chipping with a hand chisel. Since the test piece 
was found very satisfactory, the actual work on 
the machine was carried out. 


Preparation for Metallizing 


The hollow worn portion of the side slopes on 
the ways was chipped out full length to an equal 
depth, so that there would not be a feather-edge 
run-out of sprayed metal; also, the ends of 
the chipped surfaces were bevel-under-cut. The 
chipping was done with pneumatic hammers and 
a flat chisel, after which the chipped surface 
was gouged in different directions with a small. 
sharp-nosed hand tool similar to a diamond- 
point chisel. This was followed by a knurling 
or rough-rolling operation to afford adhesion of 
the sprayed metal. The surface was also slightly 
sand-blasted in order to remove any oil or 
grease. Adjacent surfaces were protected by 
masking. 

About 10 to 12 pounds of hard steel wire was 
used, including necessary wastage. The deposit 
averaged 1/16 inch in depth, and left an almost 
file-hard surface, which required grinding for a 
finishing operation. During the metallizing 
operation, a 10-foot straightedge was used at 
frequent intervals to check the height of the 
material applied and to keep it at a reasonable 
level (from 1/64 to 1/32 inch) above the or- 
iginal surface for subsequent grinding. 


Finishing the Surface by Grinding 


The finishing or grinding operation was sim- 
plified and expedited by using the lathe tailstock 
base on the unworn part of the way as a trav- 
ersing carrier and guide for the grinder. The 
body or upper section of the tailstock was re- 
moved from the base, and to the latter was 
bolted an adjustable swiveling adapter toolpost 
in which a portable pneumatic angle type grinder 
was clamped. 

A 5-inch coarse-grained cup-shaped abrasive 
wheel was used first, and a finer grained wheel 
for the finishing. When the face of the grinding 
wheel was set to the exact angle or slope of the 
way, the grinder was fed back and forth by 
operating the crank-handle of the _ tailstock 
manually. In this manner, both sides or slopes 
of the metallized portion of the carriage ways 
were ground flush with the unworn surface. The 
final finish was all that could be desired, and 
required no additional hand work. 

Owing to the circumstances under which this 
job was done, it was not possible to keep an 
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accurate record of time and costs. However, 
the following estimate is a close approximation: 


Preparation: 24 man-hours...............$25 
Metallizing: Labor and material .......... 35 
Finishing and assembly: 30 man-hours .... 35 


No unusual procedures were employed in this 
work, except perhaps for the utilization of the 
tailstock, this being used first to rough-knur!] the 
surface during preparation and later for carry- 
ing the grinder to produce a straight finish in 
true alignment with the original surface. 

Judging from the appearance of the hard 
steel metallized surface after more than a year’s 
service, it should outlast the original cast iron. 
Under the circumstances and conditions ex- 
plained, the metallizing method is considered 
advantageous because of its convenience, lower 
cost, and probably longer life, and because it 
minimizes the “‘time out” for the machine. While 
the job described was the first of its kind in this 
shop, the results obtained seem to warrant the 
use of metallizing on other types of machine 
tools besides lathes. 

Most of our other applications of metallizing 
have been confined to circular work, such as 
rotating shaft bearings. Probably our most 
important applications so far have been the 
restoring of worn and scored crankshaft bear- 
ings, particularly for large Diesel engines, be- 
cause of the longer service obtained at low cost, 
compared with replacements. 


* * * 


New Army-Navy “E” Awards 


The Army-Navy “E” Award has been pre- 
sented to the following concerns in the machine- 
building and allied industries for excellence in 
production: 

American Locomotive Co., (Latrobe Plant), 
Latrobe, Pa. 

Lombard Governor 
Mass. 

Republic Aircraft Products Division of the 
Aviation Corporation, Detroit, Mich. 

Republic Drill & Tool Co., Chicago, IIl. 

Rockford Drilling Machine Division of Borg- 
Warner Corporation, Rockford, [Il. 

Sullivan Machinery Co., Michigan City, Ind. 

United Welding Co., Middletown, Ohio. 


Corporation, Ashland, 


* * * 


You cannot help the poor by destroying the 
prosperous, nor can you lift the wage-earner to 
a higher level by pulling down the wage-payer 
to a lower plane. 
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TAN) Thread Grinding 


...the modern method of 
producing accurate threads 






To the loft: Ex-Cell-O Style 31 Precision 


Thread Grinder (this is one of nine styles of 
Ex-Cell-O precision thread grinding machines). 


Precision THREAD GRINDING, BORING AND LAPPING MACHINES » TOOL GRIND- . © 

ERS » HYDRAULIC POWER UNITS + GRINDING SPINDLES - BROACHES - CONTINENTAL 6 it AT 

CUTTING TOOLS + DRILL JIG BUSHINGS + DIESEL FUEL INJECTION EQUIPMENT EX-CELL-O for PRECISION 
SEERA STREET E LEE ALN E OEE, 


PURE-PAK CONTAINER MACHINES » R. R. PINS AND BUSHINGS + PRECISION PARTS 
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Shop Equipment News 


Machine Tools, Unit Mechanisms, Machine Parts, and Material- 


Handling Appliances Recently Placed on the Market 


Gorton Precision Automatic Screw Machine 


A precision automatic screw 
machine, adapted for the mass 
production of a wide variety of 
extremely accurate small parts 
ranging from 0.005 to 7/16 inch in 
diameter and from 1/32 inch to 
2 3/4 inches in length, has just 
been added to the line of precision 
machine tools manufactured by the 
George Gorton Machine Co., 1316 
Racine St., Racine, Wis. This ma- 
chine, designated the Gorton 16-A, 
is an American development of the 
well-known Swiss Petermann P-7 
automatic screw machine for which 
the Gorton company has_ been 
granted exclusive manufacturing 
rights in the United States by 
Joseph Petermann, Moutier, Switz- 
erland. 

Recent developments designed to 
obtain greater accuracy and higher 


Fig. 1. 









222—-MACHINERY, July, 1943 





production have been incorporated 
in the new 16-A machine. All tool 
equipment, vital parts, and attach- 
ments of the Gorton 16-A and the 
Petermann P-7 machines are inter- 
changeable. 

An almost endless variety of 
parts of simple and complex design 
can be automatically produced in 
one operation on the Gorton 16-A 
machine, which is_ particularly 
adapted to turning pinions, shafts, 
screws, and small slender parts 
used in clocks, meters, radio equip- 
ment, precision instruments, guns, 
and aircraft engines. In addition 


to step and contour turning and 
chamfering, the machine, with at- 
tachments, will automatically per- 
form centering, drilling, threading, 
and slotting operations. 

The stock from which the parts 





Gorton Precision Automatic Screw Machine 


are to be made is fed to the five- 
station multiple tool-head by means 
of a cam. The feeding movement 
pushes the stock through a close 
fitting bushing past the cutting 
tools, which are stationary in the 
horizontal plane. Thus, the work 
is supported at the point where it 
receives the side thrust of the 
tools. This arrangement makes it 
possible to produce parts to ex- 
tremely close limits of accuracy 
with respect to diameter dimen- 
sions, and also enables a high finish 
to be obtained. 

The five tools in the multiple 
tool-head are adjustable radially 
and axially by means of microm- 
eter screws with 0.0005-inch grad- 
uations. The holders for these 
tools are hardened, and will accom- 
modate any size tools up to 5/16 
inch square. The two lower tool- 
slides are mounted on a rocker 
arm which has a 3-to-l1 cam-actu- 
ated movement. The tools in these 
slides are generally used for turn- 
ing the most important diameters 
because of the rigidity of the 
rocker assembly, which is mounted 
on a radial ball bearing with a 
Timken end-thrust bearing. The 
cam-to-work ratio of the other 
three tool-slides is variable from 2 
to 1 up to 3 to 1. 

The dynamically balanced spin- 
dle, enclosed in a semi-nickel steel 
headstock which is mounted on 4 
scraped and gibbed slide on the 
bed, is driven by a flat, endless 
woven belt. This drive is espe 
cially designed to eliminate tool 
marks on the work. The bar stock 
is held in the spindle collet and fed 
through the guide bushing to the 
tools by feeding the headstock for- 
ward as a unit. Synchronizing this 
longitudinal cam movement with 
cams that control the lateral move- 
ment of the tools permits generat- 
ing tapers and forms of almost any 
desired shape with single-point 
tools. 


—— 
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CARBOLOY IS 
THE REGISTERED 
TRADEMARK OF 
CARBOLOY 
COMPANY, INC. 


“Ploughing” through tough cast armor plate at 
cuts up to 1 in. deep—drilling gun barrels—cutting 
off shell—taking interrupted cuts through sand 
holes and scale—producing a quality of finish on 
critical parts often impossible to obtain with 
former tools—holding close tolerances that drasti- 
cally reduce and often entirely eliminate subse- 
quent grinding—making steels of 400 to 500 Brinell 
machineable—these are typical of the present day 
uses of Carboloy cemented carbide tools for cutting 
steel. 


Today 63% of all Carboloy cemented carbides 
produced by Carboloy Company for machining 
applications are steel cutting grades. You'll find 
them in practically every major war plant through- 
out the nation, turning out steel parts for war at 
speeds 4 to 5 times faster than former tool mate- 


rials, staying sharp up to 10 times longer—increas- 
ing production often as much as 300% on the 
thousands of applications upon which victory 
depends. 


Write today for catalog GT-142 listing Carboloy 
cemented carbide grades for cutting steel, cast iron 
and non-ferrous metals available in more than 300 
standard Carboloy tools and blanks. 


Are You Using 
The Right Chip Breaker? 


A special film available on de- 
sign and grinding of chip 
breakers for carbide tools. One 
of a series of six films on 77 
Design, Brazing, Application | ~~ 
and Grinding of carbide tools | ~ 
for use in your training pro- os 
gram. Write for folder GT-151. basse, 





CARBOLOY COMPANY, IN¢C., 11117 £. 8 MILE ROAD, DETROIT, MICHIGAN 


Sole makers of the Carboloy brand of cemented carbides 


Birmingham, Ala. 
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Chicago @ Cleveland « tLos Angeles ©« Newark -¢ Philadelphia « Pittsburgh © Seattle 
‘ Canadian Distributor: Canadian General Electric Co., Lid., Toronto, Canada. Foreign Distributor: international General Electric Co., Schenectady, N. Y. 
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All cams are mounted on a sin- 
gle shaft at the rear of the ma- 
chine, where they are easily ac- 
cessible for adjustment or change 
in set-up. A handwheel provides 
means for disengaging the cam- 
shaft drive and for manual control 
during setting-up operations. Elec- 
trical interlocks prevent camshaft 
motion when the spindle is not 
turning, thus’ eliminating tool 
breakage. Spindle speeds can be 
changed instantly by turning the 
regulator wheel. Camshaft speeds 
are also controlled by a regulator 
wheel while the machine is running. 

Any spindle speed from 1100 to 
10,000 R.P.M. is provided by the 
Reeves variable-speed drive and 
the two-speed 2-H.P. or 1 1/3-H.P. 
motor. The low-range camshaft- 
speed control dial permits adjust- 
ments for producing from 20 to 
720 pieces per hour, while the 
high-range control dial can be ad- 
justed for producing from 20 to 
1440 pieces per hour. Any com- 
bination of feeds and speeds can 
be employed as required for ma- 
chining tough alloy steels and the 
softer non-ferrous materials. The 
camshaft is driven by a 1/3-H.P. 
motor. 

A gear type coolant pump and a 
1/4-H.P. motor, mounted as a unit 
in a compartment at the rear of 
the machine, delivers coolant from 
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Fig. 2. Close-up View of Tool Set-up on Gorton Preci- 
sion Automatic Screw Machine Illustrated in Fig. | 





a twelve-gallon reservoir. A weight- 
operated bar feed is regularly fur- 
nished, but a pneumatic feed is 
available. Three spindle attach- 
ments for centering, drilling, and 
threading operations can be pro- 
vided. Threading spindles operat- 
ing on a speed differential system 
eliminate the necessity of stopping 
the work-spindle. A _ slotting at- 
tachment can be had which auto- 
matically picks up the cut-off piece, 
slots it, and drops it into the work- 
discharge chute. A _ built-in auto- 
matic counter registers the number 
of pieces produced. The complete 
machine weighs 3000 pounds. — 51 


Harnischfeger Alternating- 
Current Electrodes 
Coincident with the recent an- 


nouncement of a new line of P&H 
alternating-current arc welders, the 


Harnischfeger Corporation, Mil- 
waukee, Wis., has introduced an 


electrode designed especially for 
use with alternating-current trans- 
former welding machines. This 
electrode is suited for all mild steel 
applications. It is made in the 
usual sizes of from 1/8 to 5/16 
inch in diameter and in 14- and 
18-inch lengths. The electrodes are 
packed in regular 50-pound con- 
tainers. ___. Se, 


Morrison Annealing Machine Equipped with Rotating 
Work-holders for Annealing 57-mm. Cartridge Cases 





Annealing Machine for 
Steel Cartridge Cases 


The Morrison Engineering Co., 
Cleveland, Ohio, has developed a 
line of flame type annealing ma- 
chines designed for rapid. efficient 
mouth and body annealing of car- 
tridge cases in sizes ranging from 
37 millimeters up to 105. milli- 
meters. This equipment is built to 
produce a uniform anneal before 9 
the tapering operation § is _ per- 
formed, and it can also be used for 
the final mouth annealing. 

The machines are adapted for 
continuous operation. The produc- 
tion rate, which is arranged to suit 
the plant lay-out, ranges from 400 
to 2000 cases per hour. A steel 
conveyor chain, driven by a vari- 
able-speed drive, provides means 
for passing the shells through the 
annealing chamber. This chain 
carries double-row _ ball-bearing 
mounted spindles on the tops of 
which are bolted work-holder adapt- 
ers. The adapters are interchange 
able for different sized cartridge 
cases. The burner equipment is of 
the blast-line type with zero gov 
ernors and proportional mixers for 
each burner. Manometers are also 
provided for each burner to facili- 
tate duplicating the burner adjust- 
ments that have been found satis 
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* Look Ahead... Keep Ahead... With Gisholt Improvements in Metal Turning * 
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factory. By operating at compara- 
tively high mixture pressures and 
by rotating the work from 60 to 
100 R.P.M. in front of the burn- 
ers, extremely fast heating is ob- 
tained. 

Loading and unloading is a con- 
tinuous manual operation at one 
end of the machine. A sheet-metal 


hood with vent connection encloses 
the operating mechanisms. The 
machine adapted for annealing 
105-millimeter cases requires a 
floor space of only 3 1/2 by 10 feet. 
Each machine is shipped as a com- 
plete unit, including combustion 
blower with all necessary motors 
and starters. 53 


Cincinnati Radius-Grinding Attachment 


A radius-grinding attachment 
has been designed by the Cincin- 
nati Milling Machine Co., Cincin- 
nati, Ohio, especially for use on 
the Cincinnati No. 2 cutter and 
tool grinder. It is designated “No. 1 
size” to differentiate it from a 
similar attachment for grinding 
face mills. 

A wide range of cutters can be 
ground with this new unit, which 
is designed for the grinding of 
ball-end and die-sinking cutters. 
With the addition of accessory 
equipment, other types of work can 
also be handled, such as the grind- 
ing of double-end cutters with 
straight or helical flutes and the 
cylindrical grinding of die-sinking 
tracer fingers. 

The attachment has two slides, 
each providing longitudinal and 
transverse adjustment of the work 
with respect to the grinding wheel. 
An anti-friction pivot bearing in 
the base insures a smooth, uniform 
swiveling motion, and enables the 
slides to swivel through an angle 
of 360 degrees. Movable _ stops 
have screw adjustments which ac- 
curately limit the swivel motion. 

The index-plate at the rear of 
the work-head spindle has twenty- 
four notches in it. With this de- 


Radius-grinding Attachment for Cincinnati 


Tool and Cutter Grinder 
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vice, the attachment will handle 
straight flutes or cutters having 
one, two, three, four, six, eight, 
twelve, and twenty-four flutes with- 
out the necessity of employing a 
tool-rest. In grinding cutters with 
helical flutes, the universal tool- 
rest supplied with the machine is 
used. 

A feature of the collet equipment 
is a unique stop-collar which en- 
ables the operator to quickly re- 
move small cutters under 1 1/2 
inches in diameter for inspection. 
When replaced for additional grind- 
ing, the cutters are located in ex- 
actly their previous positions. The 
attachment has a capacity for 
grinding ball-end cutters 3 inches 
in diameter and taper work held in 
spindles in sizes up to No. 5 Morse. 
The weight of the attachment is 
approximately 98 pounds. 54 


Plan-O-Mill Multiple 
Thread Milling Cutters 


The Plan-O-Mill Corporation, 
1511 E. Eight Mile Road, Hazel 
Park, Mich., manufacturer of plan- 
etary milling machines, has brought 
out a line of multiple thread mill- 


o Ha 


Plan-O-Mill Multiple Thread 
Milling Cutters 


ing cutters for cutting National, | 
Whitworth, Acme, vee, and special | 
form threads. These cutters are 
furnished either ground 
ground for use on any type of | 
thread milling machine. They have | 
been designed to incorporate fea- 
tures developed as a result of expe- 


rience gained in the manufacture | 


of Plan-O-Mill machines for thread- 
ing a wide variety of parts. The 
cutters are available with straight 
or spiral flutes in a complete range 
of sizes. _ 55 


Johnson Metal Saw 
Equipped for Wet Cutting 


The Johnson Mfg. Corporation, 
Chrysler Bldg., 405 Lexington Ave. 
New York City, has brought out 
a high-speed metal-cutting saw 
equipped with a coolant tank and 
pump for wet cutting operations. 
The coolant pump is of the non- 
clogging piston type, driven by a 
noiseless cam arrangement. The 
speed of the pump is automatically 


High-speed Metal-cutting Saw Made by the 
Johnson Mfg. Corporation 


— 
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Increases Tool Life 20% : 


Prolonging the useful life of tools has become a war- 
time duty as well as “good business”... and a major 
factor in determining tool life is the cutting lubricant. 
Many metal working shops have discovered that 
SUNICUT, the clear, free-flowing oil, not only im- 
Proves the finish and decreases costs ... but also 
adds valuable hours to the life of cutting tools. 


In one large New England plant, engaged in vital war 
production, a change to SUNICUT on their multiple- 
spindle, automatic screw-machines resulted in an 
mcrease of 20% in tool life—helped them get as 
much work out of every five tools as they previously 


UN INDUSTRIAL PRODUCTS ware 


NDUSTRY HELP AMERICA 


SUNICUT 


. - Produces Better Finish 


obtained from six. They secured an average run of 
8 hours between tool grindings. Down-time was 
reduced ... production was increased ... and the 
finish was greatly improved. 


Such results, and even, better, are not uncommon 
for plants which have switched to SUNICUT... 
the transparent, sulphurized cutting oil with ex- 
ceptionally high metal-wetting and heat-absorb- 
ing qualities. For proof of what SUNICUT can do 
in your shop call in a SUN Oil Engineer. Write .. . 
SUN OIL COMPANY: Philadelphia 


Sun Oil Company, Limited, Toronto, Canada 
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regulated by the speed of the saw, 
so that the flow of coolant suits the 
speed of the saw blade. If dry cut- 
ting is desired, the pump can be 


readily disconnected. Saws previ- 
ously made by this company can 
easily be fitted with the new coolant 


equipment. 56 


Quick-Opening Mechanism for Lanco Die-Heads 


In cutting threads to close toler- 
ances it is sometimes necessary to 
have the head open instantaneously, 
so that the length of travel of the 
carriage ordinarily required for 
opening the head will not affect 
the lead or pitch diameter of the 
work. A mechanism for imparting 
this opening action to the 7V Lanco 
hardened and ground head applied 
to the Landis standard bolt thread- 
ing machine has been developed by 
engineers of the Landis Machine 
Co., Waynesboro, Pa. 

The mechanism comprises a 
spring used in combination with a 
latch and a latch block arrange- 
ment, in addition to the conven- 
tional yoke employed to open and 
close the head. In operation, the 
yoke is employed to close and latch 
the head within itself. When the 
head is in the closed position the 
yoke also locks independently of 
the die-head. 

As the yoke closes the head, 
spring tension is built up in the 
extension spring, one end of which 
is anchored to the machine bed, 
while the other end is attached to 
the yoke. As the threading opera- 
tion progresses to the point where 
the die-head is to be opened, a 
sleeve on the trip-rod raises the 
latch, thus releasing the yoke and 
permitting it to snap back quickly, 
so that the head opens instantly. 

The mechanism is adjustable for 


Lanco Die-head Equipped with Quick- 


opening Mechanism 
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threads of different lengths by 
moving the latch operating sleeve 
on the trip-rod and by moving the 
latch block bracket along the ways 
of the machine. Means are also 
provided for adjusting the tension 
of the spring. The quick-opening 
mechanism can be applied to Landis 
7/8-inch single- or double-head 
threading machines already in 
service. 57 


“Ful-Vue” Safety Goggle 


A new “Ful-Vue” safety goggle 
with curved clear “Super Armor- 
plate” lenses, designed to protect 
the eyes of women industrial work- 
ers, has been placed on the market 
by the American Optical Co., South- 
bridge, Mass. This goggle is speci- 


Safety Goggle Made for 
Women Workers 


fically designed to fit the smaller 
features of women. It is made in 
42-millimeter eye size, and is avail- 
able in three bridge sizes of 19, 
21, and 23 millimeters to combine 
efficient eye protection against fly- 
ing objects with the greatest de- 
gree of all-around visibility, com- 
fort, and appearance. 58 


Electronic Heaters for Brazing, Soldering, and 
Heat-Treating Operations 


A line of electronic heaters for 
the high-frequency induction heat- 
ing of metal parts for brazing, sol- 
dering, and selective heat-treating 
has been brought out by the In- 
dustrial Heating Division of the 
General Electric Co., Schenectady, 
N. Y. These new heaters are es- 
sentially power oscillators, which 
convert 60-cycle power to high- 
frequency power at approximately 


500,000 cycles. They are available 
in two standard sizes, one having 
an output of 5 kilowatts, and the 
other 15 kilowatts. 
Conservatively rated elements 
are used to reduce maintenance re 
quirements to the periodical re 
placement of tubes, which have an 
average life expectancy of 5000 to 
10,000 hours or more. Attached to 


the electronic heater is a suitable § 


Electronic Heater for Brazing, Soldering, 


and Heat-treating 
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work-table with the necessary 
water-cooled coil or coils connected 
to the heater terminals. The coils 
can be fabricated easily in different 
shapes, as required for the work 
to be done. 

With the inductor coil connected 
to the terminals and the oscillator 
and the controls properly set, the 
required heating operation can be 
repeated by simply locating the 
work in the inductor coil and start- 
ing the automatic cycle by oper- 
ating a push-button. 

Among the more important ad- 
vantages claimed for the new elec- 
tronic heaters are the following: 
Heating easily confined to the de- 
sired area; heating operations can 
be performed by unskilled worker 
after heater is adjusted; heat dis- 
tribution accurately and automat- 
ically controlled; and conservation 
of critical alloy steels. 59 


Solid Adjustable Die-Heads 
for Automatic Screw 
Machines 


A solid adjustable  die-head, 
known as Style SAML, is being 
made in five sizes by the Eastern 
Machine Screw Corporation, 23-43 
Barclay St., New Haven, Conn., to 
suit all sizes of Brown & Sharpe 
automatic screw machines. These 





Die-head for Automatic Screw 
Machines, Made by the Eastern 


Machine Screw Corporation 


die-heads are provided with the 
same insert chasers as are used in 
the corresponding sizes of H&G 
insert-chaser’ self-opening die- 
heads. 

The No. 00 size head has a range 
of 0 to 3/8 inch, and is designed 
for use on the No. 00 B&S auto- 
matic. The 0 to 1/2-inch and 


17/32- to 3/4-inch sizes are de 
signed for use on the No. 0 B&s§ 
automatic, while the 25/32- to 1. 
inch and the 1 1/32- to 1 1/4-ineh 
sizes are designed for the No, 2 
B &S automatic. 

The heads can be used on larger 
machines than those indicated by 
employing bushings for the shanks, 
These heads are complete with 
holders, and are provided with an 
alignment feature to compensate 
for misalignment of turret and 
spindle. The chasers can be easily 
removed for grinding, and have cut 
threads on 30,000 stainless-steel] 
screws without resharpening. 

These die-heads are extremely 
light in weight, relatively small in 
diameter, and of short length. The 
light weight is said to add mate- 
rially to chaser life and _ thread 
quality. Since these heads have no 
moving parts, there is practically 
nothing to get out of order. They 
are adjustable for size. 60 


Motor-Driven Pipe and Rod Carrier 


The Cleveland Tramrail Division 
of the Cleveland Crane & Engineer- 
ing Co., 1157 E. 283rd St., Wick- 
liffe, Ohio, has brought out a new 
motor-driven pipe and rod carrier 
that permits the cab operator to 
pick up as much as 1500 pounds of 








Cleveland Overhead Carrier with Cab Control for Pipe and Rod 
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stock in 12-foot lengths from the 
storage room, transport it, and set 
it in racks at fabricating machines 
without the services of men on the 
floor. Since the unit travels over- 
head, its use eliminates the need 
for aisles and makes possible the 
saving of considerable floor space. 

With this equipment, loads can 
be swiftly moved above machines 
and men. The materials trans- 
ported need not be in balance nor 
is it necessary for the operator to 
spend time in locating the center 
of gravity of the load. The pick-up 
fork assembly has a_ three-point 
rope suspension from the carrier, 
which gives it the necessary rigid- 
ity for handling loads that are 
considerably out of balance. An- 
other factor in providing stability 
is the double overhead track sys- 
tem on which the carrier travels. 
This minimizes swing and prevents 
the loads from slipping or falling 
in transit. 

Rod and pipe are handled by two 
forks, which are tilted upward 
when loading and downward whet 
unloading by a motor-driven crank. 
A limit switch automatically stops 
the forks in the upward or holding 
position when the mechanism 38 
not in operation. The fork assem 
bly can be raised or lowered as re 
quired. The unit shown has a lift 
of 8 feet, but others can be fur 
nished for lifts of 20 feet or more 


De 
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HY NOT GET CRITICAL of the “many-pur- 
ella used in your shop? It is as important 
to get special properties here as in the “single- 
purpose” oils you so carefully buy. Here are facts 
in that connection... 


FACT: Petroleum research enables Socony- 
Vacuum to impart a strong attraction for metals 
to general-purpose oil. 


FACT: Gargoyle Vactra Oils 


have this property and their persistent, tenacious 
oil film resists wiping action and rupture even 
when film is only microscopically thick. 


FACT: These are specially made oils of particu- 
larly great value in all-loss systems such as hand- 
oiling, bottle oilers, etc. 


FACT: You can depend on Gargoyle Vactra Oils 
to help minimize wear, power consumption, main- 
tenance, and oil consumption. 


SOCONY-VACUUM OIL COMPANY, INC. — Standard Oil of N. Y. Div. * White Star Div. * Lubrite Div. « Chicage Div. 
White Eagle Div. > Wadhams Div. * Magnolia Petroleum Company « General Petroleum Corporation of California 











CALL IN SOCONY-VACUUM 














if required. The hoisting speed is 
20 feet per minute, and the carrier 
travel speed is 300 feet per minute. 
Similar carriers can be supplied 
for heavier loads and for materials 
of various lengths. 61 


“Amic” Precision Indicating 
Gage for Piston-Rings 


The American Measuring In- 
struments Corporation, 240 W. 
40th St., New York City, has re- 
cently added to its line of Amic 
gages a precision indicating in- 
strument designed especially for 
use in gaging piston-rings for air- 
plane engines. This instrument 
has a parallel-ground, lapped and 
serrated table, 6 1/2 by 8 inches, 
for use in measuring the width of 
piston-rings and other components 
of large area. The column has one 
coarse and one fine adjustment for 
setting the comparator by means 
of a master gage or gage-blocks. 
Precision setting is obtained by a 
final adjustment of the dial. Two 
limit hands indicate the range of 
tolerance requirements. 

The magnification ratio is 1 to 
1000, a displacement of the meas- 
uring pin of 0.001 inch causing the 
indicating hand to move 1 inch on 
the 6-inch dial, which is graduated 
to read in both inches and milli- 
meters. Each inch space on the dial 
is divided into tenths. Deviations 
as small as 0.00002 can be detected 
with ease. The measuring capacity 
is plus or minus 0.003 inch and plus 
or minus 0.05 millimeter. 

A lever on the outside of the 
housing permits lifting the meas- 


Micromatic Honing Tool for Finishing Bore 


40 Feet Long by 41 1/2 Inches Diameter 
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“Amic” Precision Gage for 


Measuring Piston-rings 


uring pin before inserting the 
piece to be measured. For special 
applications, accessories such as 
thread measuring devices, ball an- 
vils, V-blocks, centering fixtures, 
and various types of back-stops 
can be supplied. 62 


Huge Micromatic 
Honing Tool 


A hone abrading tool that is be- 
lieved to be the largest in the world 
was recently completed by the 
Micromatic Hone Corporation, 8100 
Schoolcraft St., Detroit, Mich., for 
use in a special horizontal honing 
machine designed and built by the 


Welding Positioner of 500 Pounds Capacity, 
Brought out by the Ransome Machinery Co. 


Barnes Drill Co., Rockford, jj 
This huge hydraulically controlleg 
hone is 41 1/2 inches in diamete 
by approximately 63 feet long 
over all, and weighs approximately 
6500 pounds. It is intended fo 
use in a bore 40 feet long from 
which it is expected to remove ap. 
proximately 1/16 inch of stock op 
the diameter to clean up the bore 
This involves removal of approxi. 
mately 1990 cubic inches of metal, 
or more than 550 pounds of metal, 
by the hone abrading process. 63 


Ransome Welding 
Positioner 


A welding positioner designed to 
handle work up to 500 pounds ip 
weight with the center of gravity 
of the load 6 inches from the table 
top and 6 inches off center has beep 
brought out by the Ransome Ma- 
chinery Co., Dunellen, N. J. This 
new positioner is available ip 
hand- or motor-operated models 
and is particularly suited to work 
ordinarily handled by women. 

The motorized unit includes : 
Reeves variable-speed drive for ro 
tating the table top at any desired 
speed up to 1 R.P.M. The tilting 
range is a full 135 degrees from 
the horizontal or 45 degrees from 
the vertical position. This adjust 
ment provides the “down unde 
position required for all “down 
hand” welds. 

The circular table top is 2 
inches in diameter, and has T-slot 
for clamping the work. All gear 
are of the cut-tooth type. The ma 
chine can be furnished with a reg 
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Gears on the catapult must be rugged to stand the igi 2 
P BS tities needed for an America at war. 


punishing shock that comes when the speed of the air- 
plane weighing more than two tons is increased from 
0 to 70 miles per hour in a distance of 60 feet! 


But more important to American Industry is what 
these manufacturing know-hows will mean to peace- 
time production. For experience gained today in pro- 
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ular base for bench work or with 
a sub-base which gives it a height 
adjustment of 27 to 42 inches from 
the floor line to the table top. A 
clutch arrangement permits free 
rotation of the table top by hand. 
The motorized unit can be supplied 
with a handwheel in place of a mo- 
tor for tilting if desired. 64 


Harnischfeger Alternating- 
Current Welders 


With a view to expanding its 
welding equipment service to war 
industries, the Harnischfeger Cor- 
poration, Milwaukee, Wis., has 
added a complete line of industrial 
alternating-current arc welders to 
its line of P&H _ direct-current 
machines. These new machines, 
built for industrial service, are 
being made in seven heavy-duty 
and four intermittent-duty models, 
with a wide range of capacities. 

The new line features the re- 
cently adopted WSR _ (Welding 
Service Range) ratings, which 
show the actual minimum to maxi- 


Harnischfeger Alternating-current 


Welding Machine 


mum output of usable welding cur- 
rent. The WSR ratings of the 
heavy-duty models range from 50 
to 270 amperes for the smallest 
size up to 200 to 1200 amperes for 
the largest size. The range of the 
intermittent-duty models is from 
20 to 185 amperes up to 20 to 335 
amperes. The setting and controlling 
of the current throughout the com- 
plete welding service range involve 
one simple adjustment. ......65 
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Matthew Rotary Tool-carrier 
Milling’ Attachment 


Matthew Rotary 
Tool-Carrier 


A rotary tool-carrier designed 
to handle a complete multiple mill- 
ing job in one setting of the work 
on the machine table has_ been 
brought out by the Production Ma- 
chinery Development Co., 4845 St. 
Aubin Ave., Detroit, Mich. This 
patented attachment, with _ tool- 
carrying spindle, can be used with 
a fast direct feed or with a worm 
and wheel feed. 

The attachment consists of three 
main parts—a stationary outside 
housing by which the head is fast- 
ened to the machine proper; a 
large inner body, fitted into the 
outer housing, which is equipped 
with a worm ring for rotation; and 
a smaller housing, known as the 
spindle-carrier unit, which is fitted 
to the large inner body with an 
accurately scraped bearing eccen- 
trically located in the inner body. 

The worm and handwheel assem- 
bly on top of the housing is used 
for setting the spindle for a cir- 
cular movement of the desired 
radius or diameter. A worm and 
handwheel assembly is also pro- 
vided for rotating the cutter-spin- 
dle, provision being made for dis- 
engaging the hand feed when rapid 
spindle movement is required. Col- 
lars on both assemblies are grad- 
uated in degrees and minutes. 

A special milling machine with 
a maximum throat clearance of 32 


inches is available for use with the 
rotary tool-carrier. The ram on 
the gibbed column of this machine 
has a travel of 26 inches. The table 
is 18 by 48 by 2 1/4 inches, and 
can be tilted toward and away from 
the machine column to any angle 
up to 30 degrees. The table has a 
longitudinal hand movement of 30 
inches, a transverse movement of 
16 inches, and a vertical adjust- 
ment of 24 inches. The machine 
weighs approximately 3800 pounds, 
and requires a floor space of 90 by 
105 inches. .. 66 


Universal “Roll-In” 
Metal-Cutting Band Saw 


The Universal Vise & Tool Co., 
Parma, Mich., has just placed on 
the market a gravity-fed metal- 
cutting band saw known as the 
“Roll-In.” The saw blade is fed 
into the work by the gravity- 
actuated movement of the frame 
carrying the balanced saw-blade 
wheels, which is mounted on an 
inclined track. The pressure with 
which the blade is fed into the 
work is automatically regulated by 
the texture and degree of hardness 
of the metal being cut, a feature 
that eliminates blade breakage. 

The saw is adaptable for cutting- 
off, trimming, and contour work. 
The swivel block for holding the 
work can be instantly removed 
when contour or long, straight cuts 


Metal-cutting Band Saw with 
Gravity Feed Made by the 
Universal Vise & Tool Co. 


— 
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FORTIFY 


their hydraulic mechanisms with 


HYDRO-DRIVE 
HYDRAULIC OILS 


Those hydraulically operated machines of 
yours are veterans of the industrial battle 
front now. They've been working without rest, 
24 hours a day, and as they age so rapidly, 
they need great care and the best of oil. 














Give them a hydraulic oil that's scientifically 
fortified three ways—for film strength, for oxi- 
dation stability and for gum solvency ...an oil 
that lasts longer, serves better, lengthens the 
period between oil changes. Give them HYDRO- 
DRIVE Hydraulic Oil and watch it out-perform 
ordinary untreated oils used as the hydraulic 
medium. Write for illustrated booklet. 


E. F. HOUGHTON & CO. 
303 W. LEHIGH AVE., PHILADELPHIA 


Chicago °* Detroit * San Francisco * Toronto 
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are necessary. Saw blades 8 feet 
6 inches up to 9 feet in length in 
three widths of 1/4, 1/2, and 3/4 
inch are used. Three speeds, of 
81, 161, and 264 feet per minute, 
are available. The work-table is 
18 1/2 by 30 inches. The vertical 
cutting capacity is 7 inches, and 
the blade can cut into the work for 
a depth of 7 inches. Any length of 
cut can be taken by resetting the 
work. The equipment includes a 
work-holding block, a clamping 
vise, and a 1/2-H.P., 110-volt, 60- 
cycle alternating-current motor. 
The machine is 5 feet 2 inches 
high, 3 feet 4 inches deep, 30 
inches wide, and weighs 700 
pounds. 67 





ane remem eee 


Washing Equipment for Small 
Built by the Amer- 


ican Foundry Equipment Co. 


Bearings, 


Washing Equipment for 
Small Bearings 


To provide for the washing of 
small ball and roller bearings be- 
fore assembly in cases where tiny 
particles of dust, rust, or abrasive 
matter will prevent the bearings 
from functioning properly, the 
Metal Washing Division of the 
American Foundry Equipment Co., 
Mishawaka, Ind., has placed on the 
market a simple but efficient device. 
This machine is designed to clean 
and oil bearings individually with- 
out exposing them to the room air 
or handling them, as the latter 
might result in rust from finger 
smudges. 

The bearing washer consists, of 
a solvent container, a fractional- 
horsepower solvent pump, a solvent 
filter, and bearing adapters. An 
air-hose connection providing clean 
filtered air can be built into the 
cleaning unit for removing an ex- 
cess of solvent. 68 
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Ferracute Spinning 
Lathe 


A new spinning lathe 
known as the 224, designed 
for performing such oper- 
ations as spinning, buffing, 
burnishing, trimming, wir- 
ing, and beading at high 
production rates, has been 
placed on the market by 
the Ferracute Machine Co., 
Bridgeton, N. J. This lathe 














has a maximum distance 
between centers of 48 
inches, and a maximum 
swing over the bed of 24 
inches. The spindle speed 
is infinitely variable between 200 
and 1000 R.P.M. A 220-440 volt, 
60-cycle, three-phase 5-H.P. motor 
is regularly employed. The motor 
has two speeds, selected by push- 
buttons on the motor control panel, 
and is enclosed in a ventilated com- 
partment. The motor starter, which 
provides protection from overheat- 
ing of the motor windings, is of 
the built-in type. 

Instantaneous starting and stop- 
ping is accomplished by a single 
control lever. Once applied, the 
brake remains on until released by 
the operator. Air is employed to 
move the tailstock spindle to the 
desired position. The maximum 
travel of the spindle is 12 inches. 
The hollow spindle has a 3-inch 
bore and a standard No. 3 Morse 
taper. The faceplate is keyed on 
the tapered nose of the spindle. 69 


Willey’s Carbide-Tool 
Grinders 


The Willey’s Carbide Tool Co., 
1340 W. Vernor Highway, Detroit, 
16, Mich., has brought out an im- 
proved Model 30 carbide- 


Ferracute Metal Spinning, Buffing, 
and Burnishing Machine 


the 6-inch diamond wheel 5000 feet 
per minute. 

The Model 50 Willey’s bench 
grinder, shown in the accompany- 
ing illustration, is a new product 
of this company designed for rapid, 
economical wet or dry grinding of 
tungsten-carbide tipped tools, as 
well as other types of tool bits, 
ranging up to a maximum of 1 1/4 
inches square or an_ equivalent 
cross-sectional area. 

The tool-rest table is 6 by 12 
inches, and has graduations for 
accurate setting to any angle from 
15 degrees above to 30 degrees 
below the horizontal position. Cool- 
ant is fed by gravity from a reser- 
voir cast in the upper part of the 
machine. The fully enclosed motor 
has a speed of 3450 R.P.M. 70 


Improved Metal-Cutting 
Oils 


Exhaustive tests in the labora- 
tories of the National Oil Products 
Co. at Harrison, N. J., have re- 
sulted in the development of 4 
series of metal-cutting oils having 





tool grinder, equipped 
for wet and dry grind- 
ing, which is similar in 
appearance and grinding 
capacity to the double- 
end grinder described 
and illustrated in Novem- 
ber, 1942, MACHINERY, 
page 254. The tool-rest 
table is 16 by 7 inches, 
and has an angular ad- 
justment of 30 degrees 
from the horizontal po- 
sition. The surface speed 














of the 8-inch vitrified 
wheel is about 7000 feet 
per minute, and that of 


Willey’s Model 50 Bench Grinder for Grinding 


Tungsten-carbide Tipped Tools 








To obtain additional information on equipment 


described on this page, see lower part of page 214. 
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head. Workers maintain speed 
without tiring. 
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set-up uniformly tight, without 
burring or breaking heads. A 
stronger, neater job results. 
ding a zeYe!) SCREWS + MACHINE SCREWS SELF-TAPPING SCREWS + STOVE BOLTS 
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The H. M. Harper Co., Chicago, 111. Pawtucket Screw Co., Pawtucket, R. A Whitney Screw Corp., Nashua, N. H. 





improved characteristics. The oils 
have been subjected to extended 


actual plant runs. The _ objects 
sought in developing these oils 
were increased oiliness, copious 


wetting and cooling capacity, and 
resistance to rust and corrosion, 
oxidation, and rancidity. The oils 
in this new group are known as 
Vegicut A and Vegicut B—low- 
and medium-viscosity oils; Vegisol, 
an emulsified cutting oil soluble in 
water; and Vegisulph, a sulphur- 
ized product providing anti-weld- 
ing protection. 71 


“Ampac” Alternating- 
Current Welder 


An important forward step in 
alternating-current welding is said 
to have been made possible by the 
development of the ‘“‘Ampac 200” 
welder just brought out by the 
Allis-Chalmers Mfg. Co., Milwau- 
kee, Wis. Ideal operating curves 
that automatically give the correct 
voltage for the continuous range of 
currents available are an important 
feature of this welder. Welding at 
low currents is made easy with 
this arrangement and power is 
saved when welding with high cur- 
rents. 

A new integrated reactor trans- 
former construction provides the 
high, yet safe, voltage required for 
easy welding at low currents. Since 
there is no arc magnetism to cause 
the arc to wander or weave, weld- 





“Ampac 200° Welder Brought out 
by Allis-Chalmers Mfg. Co. 
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ing is easier, especially for inex- 
perienced welders. The job of 
training new operators is also said 
to be greatly simplified by the use 
of this equipment. 

The welding capacity of one ma- 
chine ranges from 30 to 250 am- 
peres. There is no need to switch 
welders to accommodate different 
jobs, because welding rods 1/16 to 
1/4 inch in size can be employed 
for work ranging from thin sheets 
to heavy plates. Most direct-cur- 
rent welding rods, as well as all 
alternating-current rods, can _ be 
used. 





*“Di-Met’’ Wheel Developed by the 
Felker Mfg. Co. 


“Di-Met” Resinoid Wheels 


A diamond abrasive chip-breaker 
wheel known by the trade name 
“Di-Met” has been developed by 
the Felker Mfg. Co., 1113 Border 
Ave., Torrance, Calif. These wheels 
are made 3, 4, and 6 inches in di- 
ameter, with 1/8-inch rim _thick- 
ness, and are intended for rapidly 
cutting chip-breaker grooves, and 
for shaping and _ form-grinding 
carbide tips. Similar wheels of 
thinner construction are available 
for cut-off operations on carbide 
inserts. 

A new line of “Di-Met” rim-lock 
diamond abrasive wheels has also 
been brought out by the company. 
The new wheels differ from former 
types in their increased range of 
thickness, which varies from 1/16 
to 1/2 inch. Any width of wheel 
between these limits is available 
in diameters of from 1 to 6 inches. 
The arbor holes are 5/8 inch in 
diameter, although other sizes can 
be provided if specified. The wheels 
are especially intended for the pre- 
cision cutting, grooving, and facing 
of hard brittle materials, such as 
glass, ceramics, porcelain, tile, etc. 
They are not intended for cutting 
metal. 73 


























Federal “‘Testmaster’™ Dial Indicator 
with Enlarged View of Index Point 


Federal Universal Dial 
Indicator 


A universal type of dial indicator 
known as the “Testmaster” is a 
new product of the Federal Prod- 
ucts Corporation, 1144 Eddy St, 
Providence, R. I. A feature of this 
indicator is an index point that 
can be rotated to any angle within 
a 180-degree arc. Rotation is over 
ratchet serrations which mesh pos- 
itively to prevent the point from 
shifting out of position after being 
set at the desired angle. The point 
is hard chromium-plated, and the 
entire instrument is built for accu- 
racy and extreme sensitivity. 

The indicator movement is a 
simple, direct combination of lever 
and crown gear, the bearings are 
jeweled, and a hair-spring takes up 
all backlash in the gears. Model 1 
is graduated in thousandths of an 
inch and has a range of 0.030 inch, 
while Model 2 is graduated in ten- 
thousandths of an inch and has a 
range of 0.008 inch. Two models 
with metric scales are also obtain- 
able The rotating dial is 1 1/8 
inches in diameter, and a holding 
bar 1/4 by 1/2 by 3 inches long is 
supplied, together with a universal 
clamp. 74 I 


“Saw-Gun” Attachment for 
Electric Drills 


An attachment for electric drills, 
flexible shafts, or compressed aif 
lines, known as a “Saw-Gun,” has 
been brought out by the Mid-States 
Equipment Co., 2429 S. Michigat 
Ave., Chicago, Ill. This device 1 
in effect, a portable power saw 
file to be used in panel notching. 
slotting, or other fabricating opé™ 
ations on plastics, stainless steé 
Monel metal, ete. It will cut int 
wood or plastics without drilling 4 
hole first, and will saw or file pla* 
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To obtain additional information on equipment 
described on this page, see lower part of page 214, 
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KENNAMILLING, sometimes re- 
ferred to as ‘‘Hyper-milling’”’ or **Su- 
per-milling’’, was in three-shift oper- 
ation in the McKenna Metals Com- 
pany plant as early as April, 1940. 

Devised by McKenna engineers, 
KENNAMILLING has been used for 
three years by KENNAMETAL cus- 
tomers also, to obtain greatest steel- 
cutting production on their face mill- 
ing operations. 

Because of the inherent hardness 
and strength of KENNAMETAL steel- 
cutting carbide, KENNAMILLING 
has maintained its leading position 
despite the entrance of similar pro- 


The 
Pioneer Process 
of 
Face Milling Steel 


With 
Cemented Carbides 


The illustration shows two GRAYSON-KENNAMETAL 
6” Half-Side Mills, with negative cutting angles, which 
milled heat-treated 4130 steel at a feed of 1934” 





cesses into the field of face milling 
with cemented carbides. 

The characteristic strength and 
hardness of KENNAMETAL have been 
combined with the shock resistant 
well designed Meehanite bodies of 
GRAYSON milling cutters to form 
the most efficient milling cutter 
available, the GRAYSON - KENNA- 
METAL milling cutter. Through use 
of these cutters production is being 
tripled on operations which demand 
milling of steel, cast iron, aluminum, 
aluminum-silicon alloys, magnesium 
-aluminum alloys, brass, bronze, and 
non-ferrous materials. 


KENNAMILLING With GRAYSON-KENNAMETAL 
MILLING CUTTERS, HAS THESE ADVANTAGES: 


1, GRAYSON-KENNAMETAL milling cutters cut 
steel at amazingly high speeds. 


2. KENNAMILLING is distinguished by greater 
table feeds and greater load per tooth. (Instead 
of the customary .001 to .003 the load per tooth 
during KENNAMILLING is .003 to .016) 


3, KENNAMILLING employs negative rake and 


negative helix angles for maximum cutting 
efficiency. 


4. These double negative rake angles—added to 
KENNAMETAL’S non-galling properties, hard- 


ness, and rupture strength —permit the milling 
of high Brinell steels. 

5. These double negative rake angles also produce 
a very rugged toolmilling machines have been 
stopped in the cut without chipping the edges 
of end mills. 

6. KENNAMILLING produces a precision finish. 

7. KENNAMILLING is not limited to light cuts. 


Write for complete information about KENNA- 
MILLING . . . McKenna Metals Company can give 
you assistance based on years of face milling pro- 
duction with cemented carbides. 


147 Lloyd Ave., Latrobe, Pa. 


Foreign Sales: U.S. STEEL EXPORT CO., 30 Church St., New York 





Exclusive of Canada and Great Britain 
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tics, heavy sheet metal, castings, 
or rods in places that are practic- 
ally inaccessible with any other 
tool. 75 


Improved Di-Acro Shear 


Increased weight and greater 
mechanical strength and rigidity, 
combined with easier operation and 
higher output capacity, are im- 
provements claimed for the new 
No. 2 Di-Acro shear recently added 
to the line made by the O’Neil- 
Irwin Mfg. Co., 332 Eighth 
Ave., S., Minneapolis, Minn. All 
the features of versatility and the 
wide operating range, accuracy, 
and possibility of working to die 





Le a | 


Di-Acro Shear Made by the 
O'Neil-Irwin Mfg. Co. 


tolerances found in the smaller 
machines of this line have been in- 
corporated in the No. 2 shear. 
This shear can be quickly ar- 
ranged for’ shearing, _ slitting, 
squaring, stripping, or notching to 
close tolerances. All ductile and 
pliable metals and materials can 
be accurately worked, including 
spring-tempered metals, fabrics, 
plastics, leather, rubber, and the 
lightest of tissues. It is especially 
adapted for developing accurate 
shapes in bi-metals, sensitized ma- 
terials, mica, fiber slot insulation, 
and other dielectrics. Steel plate 
of 22 gage in widths up to 9 inches 
can be sheared. The machine 
weighs about 75 pounds. 76 


Jones Bench Grinder 


A No. 135 bench grinder and 
polishing machine has been added 
to the line of abrasive belt grind- 
ing equipment manufactured by 
the Jones Engineering Co., Ell- 
wood City, Pa. This grinder is 
designed for fast cutting on pro- 
duction work.’ .It is equipped with 
an endless abrasive belt, and is 
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Double Abrasive Belt Grinding 
and Polishing Machine 


particularly adapted for burring, 
grinding, and finishing flat pieces 
and irregular-shaped parts. 

An adjustable spring tension de- 
vice on the idler pulley serves to 
maintain the proper belt tension. 
The grinder can be used with any 
3/4- to 2-H.P. motor. Since the 
motor is mounted underneath the 
bench, away from dust and dirt, an 
enclosed type is not necessary. 
When two abrasive belts are re- 
quired—such as a coarse belt for 
rough-grinding and a fine belt for 
finishing or polishing—the double 
bench model grinder No. 136 shown 
in the accompanying illustration is 
available. 77 





“Speedichuk” and “Bren” 
Collet for Small Lathes 


Collets that will hold stock up to 
3/4 inch in diameter are now avail- 
able for small lathes which nor- 
mally have a capacity of only 1/2 
inch. This equipment, known as 
the “Speedichuk” and the “Bren” 
collet, has been brought out by the 
General Die-Stamping-Tool Co., 
265 Canal St., New York City. 
Both the chuck and collet are adapt- 
able to any lathe having a 1 1/2 





Chuck and Collet for Small 
Lathes, Made by General Die- 
Stamping-Tool Co. 


by 8 thread on the spindle noge 
and a No. 3 Morse taper in the 
spindle hole. They can also he 
used on any milling or drilling 
machine for accurate chucking 
work, and can be easily fitted to 
a lathe. 

The “Speedichuk” requires no 
adapter plate, and employs a float- 
ing closing sleeve that compensates 
for wear and misalignment of the 
lathe spindle. The 6-inch hand- 
wheel assures maximum gripping 
pressure on the collet with mini- 
mum effort. The “Bren” collet is 
designed to permit holding work of 
any size up to the full diameter of 
the hole through the spindle. The 
closing of the collet is accomplished 
by a squeezing action without longi- 
tudinal movement. _ 18 





Midget Variable-speed Drive 


with Direct-current Motor 


Midget Variable-Speed 
Drive 


A variable-speed drive weighing 
only 8 pounds, complete with motor, 
known as the Graham Model 15, 
has been added to the line of 
Graham Transmissions, Inc., 2706 
N. Teutonia Ave., Milwaukee 6, 
Wis. This drive offers the solution 
to many problems of designers re- 
quiring an extremely accurate low- 
power variable-speed transmission 
of wide range. The variable-spee¢ 
unit is applied to motors of not 
more than 1/15 H.P. The principle 
of design is identical with that 0 
the larger units made by the man- 
ufacturer. The unit is equippeé 
with standard ball bearings. 

The output speed range is from 
700 R.P.M. to 0, or if it is desired 
to reverse the output shaft with 
out reversing the motor, the rangé 
is from 400 R.P.M. forward to 4! 
R.P.M. reverse. The instantaneous 
and shockless reversal is possible 
because of the low inertia of the 
parts reversed, which include only 
the output shaft and gear, the 
high-speed parts connected to ie 
motor continuing to turn at # 

— 





To obtain additional information on equipmer! 
described on this page, see lower part of page 21% 
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"GREEN HANDS FROM. SCHOOLS 
COULDN’T BURN TOOLS” 






Quotes POR-OS-WAY’S Pla, 
War Plant Reporter Whee), “her zy 
from Interview 
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THE RECORD POR-OS-WAY FORMER WHEEL 
WHEEL 
THE JOB: 
Grinding free hand and Number tools per hour per man 7 26 
dry on ExcelloTool Grind- Number of dressings required NONE Every 2 hours 
er carbide-tipped tools 1" . 
x 1" x 6", for turning air- Pieces per wheel 888 520 
plane struts, shaping air- 
planecarburetors, shaping Stock to be removed .000"—.250” same 
a — on ee Wheel life 24 hours 20 hours 
© planes. 
THE WHEEL: Por-os-way Depth of cut .002"—.010' te mle 8 
10" x 2" x 2" C54KV3 
All facts and figures gi Number of passes required 12 48 
igures given 
are taken from an actual Amount of rejects 0 50 per day (scrapped) 
field survey made by a 
Por-os-way correspondent Increase in production 42.3% 

















WRITE, for complete booklet "Facts About 
Fi ig Por-os-way”. The address is 428 Wheat- ’) 


land Street, Phoenixville, Pennsylvania. 





POR-OS-way b= 
a ww @ 
RADIAC PRODUCT 


A.P. DESANNO & SON, INC. 
NEW YORK, CHICAGO, PITTSBURGH, 
CLEVELAND, DETROIT, LOS ANGELES 





PHOENIXVILLE, PENNA. 
Western Gateway to 
VALLEY FORGE 


*T. M. Reg. U. S, Pat. Off. 
COPYRIGHT, 1943, A. P. de Sanno & Son, Inc, 





MACHINERY. July, 1943—24]1 















times at a constant speed. Various 
types of controls can be used, in- 
cluding manual operation by hand- 
wheel with speed indicating dial 
located at either side of the unit; 
lever control; or other special con- 
trol to suit individual needs. 

The length, including input and 
output shaft extensions, is 7 5/8 
inches; the depth, with adjustable 
mounting legs, is 4 3/8 inches; and 
the height from base to top of mo- 
tor is 4 7/8 inches. .---49 





Precision Vernier Height Gage, 


Vernier Calipers, and _ Slide 
Caliper Made by the McGrath 
St. Paul Co. 





Vernier Height Gage 
and Calipers 


The McGrath St. Paul Co., St. 
Paul, Minn., is now manufacturing 
a precision vernier height gage in 
10-, 24-, and 36-inch sizes, and ver- 
nier calipers in 8-, 12-, and 24-inch 
sizes. The calipers are designed 
for both inside and outside meas- 
urements. A machinist’s 3-inch 
pocket slide caliper is another new 
product of this company. 8) 


* 





* 





* 


Outside the field of mathematics 
and the sciences that have mathe- 
matics as a basis, so-called logical 
reasoning is frequently not logical, 
because too often the object is sim- 
ply to prove a preconceived conclu- 
sion. To do so, the mind adjusts 
itself to a line of reasoning that 
is likely to include many irrelevant 
and erroneous premises. 
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Steel Threads for Soft Metal Studs 


By CAPTAIN BROOKS WALKER 
Ordnance Department, Washington, D. C. 


METHOD of providing a steel 

thread for a stud or cylinder 
made of soft metal, wood, or other 
material not generally adapted to 
threading is shown in the accom- 
panying illustration. The soft metal 
stud A is machined with a shallow 
thread groove of the required pitch. 
A hard steel spring B of the cor- 
rect diameter and wire size is 
screwed on the stud as shown, thus 
forming a thread for the nut C. 
An enlarged cross-section through 
the nut, spring, and portion of the 
stud is shown in the upper view 
of the illustration. The wire size 
and depth of groove in the soft stud 
must, of course, be correct to give 
a proper thread fit in the nut. 

If the end D of the spring is 
fastened to the stud, the nut can 
be easily turned on the wire thread, 
but there will be a_ self-locking 
effect that will resist removal of 
the nut if end £ is not secured to 
stud A. Thus, a lock-nut effect is 
obtained by leaving end E free, so 
that spring B can expand and grip 
the thread in the nut. Of course, 
if it is desirable to have the nut 
turn easily in either direction, both 
ends D and E of the spring should 
be fastened to stud A; otherwise 
the nut must be a very loose fit. 


The general idea is not claimed 
to be new, a somewhat similar ar- 
rangement having been previously 
employed to decrease the wear on 
threads of spark-plug holes tapped 
in aluminum. Also, an arrangement 
of this kind, known as the “Aero- 
Thread,” is shown in the eleventh 
edition of MACHINERY’S HANDBOOK 
on page 1311. The latter arrange- 
ment employs a patented form with 
a spring-shaped insert usually made 
of phosphor-bronze. The device 
shown in the accompanying illus- 
tration, which was developed by 
the writer, has not been patented, 
and so far as he is concerned, can 
be used by anyone. 

This construction also lends it- 
self to putting threads in the cen- 
ter of a long bolt, as the spring 
can be expanded over the bolt to 
drop in the grooves cut in the cen- 
ter of the shaft, if the grooves are 
not too deep. 


* * * 


You cannot establish sound se- 
curity on borrowed money, nor can 
you build character and courage by 
taking away the initiative, respon- 
sibility, and independence of the 
individual. 






































































Method of Using Steel Spring as Thread on Soft Material 


<= 





To obtain additional information on equipment 


described on this page, see lower part of page 214. 
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Cutting Large Accurate Keyways on 
Vertical Shapers 











LoS, 750° 20.001" 








Fig. |. Details of Deep Keyways 
Cut on Machine in Fig. 2 without 
Using Special Tools 


HE flexibility of the modern 

vertical shaper is being used 
to advantage in machining large 
keyways in heavy cumbersome 
pieces. The method of 
roughing and finishing 
two 2 1/2- by 3/4-inch 
keyways, such as shown 
in Fig. 1, in cylinder bar- 
rels used for the hydraulic 
control of 8-inch guns on 
a vertical shaper built by 
the Morey Machine Co., 
Inc., New York City, is 
a typical example of such 
applications. These barrel 
forgings are about 24 
inches in diameter by 
10 3/8 inches high, and 
are made from SAE 4615 
steel, normalized and an- 
nealed. The vertical shaper, 
equipped for cutting the 
keyways in the barrel 
forgings, is shown in 
Fig. 2. 

A smooth finish is re- 
quired on the bottom of 
each keyway, which must 
be held within 0.001 inch 
of the exact specified dis- 
tance from the hole cen- 
ter. The sides of the 
keyways are also required 
to have a smooth finish. 
The keyways must be ac- 
curately positioned on the 
center line of the hole, 
and must be held to the 
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Fig. 2. 


specified width within the close 
tolerance indicated in Fig. 1. 

One tool is used for the roughing 
operations and two different tools 
are used for finishing, one being 
employed for the bottom, while the 
other, having two tool bits, is used 
for finishing the sides. All bits 
employed for this work are made 
of Stellite. In practice, it has been 
found economical to resharpen the 
tools after finishing ten pieces. 

The roughing tool is similar to 
the bottom-finishing tool, except 
that its edge is straight. The bot- 
tom-finishing tool has a _ relieved 
portion in the middle of the cutting 
edge which leaves two 1/8-inch 
wide cutting edges projecting that 
prevent “digging in.” A tool of 
this design has been found to give 
smoother and more accurate ser- 
vice. This tool, as well as the rough- 
ing tool, is given extra support by 
a rib welded to the tool-holder. 


Barrel of 8-inch Guns 


Morey 14-inch Vertical Shaper Used 
for Cutting Accurate Keyways in the Cylinder 


As mentioned, a double-bit tool 
is used for finishing both sides of 
the keyway simultaneously. The 
cutting edges of these tools are 
kept relatively narrow to insure a 
good finish. In general, it is found 
that the longer the tool-holder, the 
smaller the cutting edge of the tool 
bit must be in order to insure a 
smooth, accurate cutting action. 

In this case, it has been found 
more convenient to apply the cool- 
ant directly to the cutting points 
at the top of the stroke by means 
of two jets. The shaper is set for 
a stroke of 8 inches, and the rough- 
ing operation is performed at the 
rate of nineteen strokes per min- 
ute with a feed of 0.012 inch per 
stroke. The finishing speed is at 
the rate of thirty-one strokes per 
minute with a feed of 0.002 inch 
per stroke. The time required for 
cutting the two keyways in a 
cylinder barrel is six hours. 


Safety Bulletins 


The United States De- 
partment of Labor, Divi- 
sion of Labor Standards, 
has published two bulle- 
tins on safety in indus- 
trial work. One of these 
is entitled “A Quide to 
the Prevention of Weight- 
Lifting Injuries.” This 
pamphlet can be obtained 
at a cost of 10 cents from 
the Superintendent of 
Documents, U. S. Print- 
ing Office, Washington, 
D. C. Another pamphlet, 
entitled “Safety Speeds 
Production — A Message 
for Supervisors,” can be 
obtained free of charge 
from the U. S. Depart- 
ment of Labor, Division 
of Labor Standards. A 
third pamphlet, entitled 
“Controlling Absentee- 
ism,” is available at 10 
cents a copy from the 
Superintendent of Docu- 
ments, U. S. Printing 
Office, Washington, D. C. 
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What is the 


EAST, ACCURATE WAY 
to TRIM AIRCRAFT STAMPINGS? 














—— 
—— 
I 
oe Seen <a New, unusual, that were formerly done by slow, cumber- 


and complicated 
parts — required 
a 8 by new aircraft 
designs and other special war equipment 
—are being trimmed, formed, or both on 
Quickwork -Whiting Stamping Trimmers. 

In many instances, these Quickwork 
machines have cut to seconds operations 








t@ b 


BEFORE 
TRIMMING 


ECORPOGRATIGON 


some methods. 

If you have stampings of any kind— 
stainless, dural, or other alloy—or any 
shape, investigate Quickwork-Whiting 
Stamping Trimmers. By releasing presses 
and operators, and speeding up trimming 
or forming operations, they can break pro- 
duction bottlenecks in your plant. 


AFTER 
TRIMMING 





15673 LATHROP AVENUE, HARVEY, ILL. 
















No dies required. Stampings are trimmed accu- 
rately in a single pass. 





Your “QUICK WORK” 


does other jobs, too 
Your Quickwork 


= Shear will also: 
me . 
: maton Cut straight lines 
fi YTS: _ Cut narrow strips 
Av Cut circles 
Cut openings and 
irregular shapes 
Cut beveled edges 
ARE i Flange and joggle 
Ts Make clean cuts 
without burrs— 
in a single pass 
at high speeds. 
Don’t wait for a 
new machine. Use 


your ee 
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Illinois 


ONSRkUD MACHINE Works, INc., Chi- 
cago, Ill., has recently begun produc- 
tion in a plant built for the production 
of router bits and cutters of all types 
and sizes. The new plant multiplies 
by several times the company’s Ca- 
pacity for router bit and cutter pro- 
duction, while at the same time, the 
capacity for machine production in the 
main Onsrud plant has been increased 
by removing the departments that 


were devoted to the bit and cutter 
lines. 
C. H. WALLACE has been appointed 


sales manager of the Tolhurst Centri- 
fugal Division of American Machine & 
Metals, Inc., East Moline, I1]., manu- 
facturers of centrifugal extractors. 
Mr. Wallace was previously connected 
with the Norma-Hoffmann Bearings 
Corporation of Stamford, Conn. 


Joun TJAARDA has become associated 


with the Accurate Engineering Co., 
5248 N. Clark St., Chicago, IIl., de- 
signing and research engineers. Mr. 


Tjaarda was formerly connected with 
the automobile industry in the ¢Ca- 
pacity of body designer and research 
engineer. 


Lemeco Propucts, Inc., Bedford, 
Ohio, has purchased the Evans FLEx- 
IBLE REAMER Co., of Chicago, Ill. The 
new corporate name will be the Evans 
REAMER & MACHINE Co., and the firm 
will continue operation at its present 
location—4541 Ravenswood Ave., Chi- 
cago. 


GeorGE W. Person, formerly abra- 
sive engineer in the St. Louis territory 
for the Norton Co., Worcester, Mass., 
is now Chicago manager for the Abra- 
sive Division of the Screw Machine 
Supply Co., Chicago, Ill., one of the 
Norton Co.’s distributors. 


EvwiIn B. McConviL_e has been 
elected treasurer of Skilsaw, Inc., 
Chicago, Ill. Mr. McConville was for- 
merly treasurer of Finch, Van Slyck & 
McConville, St. Paul, Minn., until he 
joined the Skilsaw organization as 
comptroller in 1942. 


Michigan 


ALBERT V. BEET has been appointed 
general superintendent of the Arrow 
Head Steel Products Co., Howell, Mich. 
Mr. Beet was in charge of this plant 
from 1915 to 1936, when it was operated 
under the name of the Spencer-Smith 
Machine Co. Since that time he has 
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of the Tudustry 


been superintendent of the Canadian 
plant of Thompson Products, Ltd., St. 
Catharines, Ontario, and of the Howell 
Electric Motors Co., Howell, Mich. 


Tri-SrateE Toot. & GAUGE Co., 19381 
John R St., Detroit, Mich., has been 
formed by GiLserr C. Guyvos, who 
for the last eighteen years has been 
engaged in the aircraft industry in 
connection with the building of jigs, 
fixtures, and tools. He has been asso- 
ciated with the Lockheed and Vega 
aircraft companies, as well as with the 
Consolidated, North American, and 
Vultee organizations. 


Derroit ELECTRONIC LABORATORY has 
been established at 10345 Linwood Ave., 
Detroit, Mich., to develop and manu- 
facture special-purpose electronic tubes, 
those now under development being 
primarily for contro] equipment for 
resistance welding. JoHn D. Gorpon, 
formerly general manager of the Tay- 
lor-Winfield Corporation, is general 
manager of the new organization. 


Bert Conway, who has been con- 
nected with the General Motors Cor- 
poration for the last twenty-two years, 
has been named manufacturing co- 
ordinator for the Aviation Corporation, 
Detroit, Mich. Mr. Conway will be in 
direct charge of the production and 
tooling at all the corporation’s manu- 
facturing plants. His office will be at 


Detroit. 

SMITH, HINCHMAN & GryYLLS, INC., 
industrial engineers, 666 Penobscot 
Bldg., Detroit, Mich., have expanded 


the firm’s tool engineering division to 
include complete engineering service 
in the manufacturing of war products 
of different kinds. 


DonaLp K. BALLMAN has 
pointed head of the Dow Chemical 
Co.’s_ recently formed Service and 
Development Division, which will be 
exclusively concerned with the develop- 
ment of new chemical products for 
use now and after the war. 


been ap- 


M. J. MATTHEWS has been appointed 
superintendent of the Sheet Metal 
Division of the Cadillac Motor Car Co., 
Detroit, Mich. 


New England 


ERNEST REANEY has been elected 
vice-president in charge of sales and 
engineering of the O. K. Tool Co., 
Shelton, Conn. Mr. Reaney has been 


connected with the company for the 
last fifteen years. 












Ernest Reaney, Newly Elected 


Vice-president of the O. K. 


Tool Co. 


RAYMOND R. RipGway, associate 
director of research for the Norton 
Co., Worcester, Mass., was awarded the 
Jacob F. Schoellkoph Medal for 1943 
at the May 20 meeting of the Western 
New York Section of the American 
Chemical Society at Niagara Falls, 
N. Y. Mr. Ridgway is connected with 
the Chippawa, Ontario, plant of the 
Norton Co. He has been connected 
with the company since 1922, and is 





























































































Raymond R. Ridgway, Associate 

Research Director of the Norton 

Co., and Recipient of the 1943 
Jacob F. Schoellkoph Medal 
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If your pitch diameter is right; if your thread form 
angle is accurate; if your lead is correct—a VARD 
Snap Gage will quickly pass the threads through the 
GO rolls and stop them at the NO GO rolls. In one 
easy movement you can see and feel the accuracy of 
your threads. You can check your work while it is 
still in the machine. You can gage threads flush 
against a working shoulder. 





The VARD Snap Gage has an improved type of frame 
with convenient machine pads for use in a vise. 


The accurate rolls are ground from highest quality 
tool steel and are adjustable to compensate for wear. 
We make these gages in a full range of sizes and in 
all Standard thread forms, English, Metric and right 
and left hand threads in all classes of fit. 


= VaRD INC. 





Special Taps © Plain Tapered Ring Gages ©@ Thread & Plug Gages © Bench Model External Comparators @ Precision Ground Optical Lenses & Filters ©@ Aircraft Geared Parts © Aircraft Hydraulics 


PASADENA, CALIFORNIA, U.S.A. 


















































recognized as one of the outstanding 
research men in electrochemistry. His 
record includes a long list of inven- 
tions and improvements in the design 
of electric furnaces for the production 
of abrasives. His outstanding accom- 
plishment was the isolation and com- 
mercial production of boron carbide, 
the hardest known material next to 
the diamond. 


Epwarp SHAw, Sr., formerly New 
England sales representative for the 
Producto Machine Co., Bridgeport, 
Conn., has joined the Moore Special 
Tool Co., Inc., also of Bridgeport, as 
sales manager. Mr. Shaw was asso- 
ciated with the Producto Machine Co. 
for twenty-eight years, the last fifteen 
of which were devoted to the New Eng- 
land territory. He will have charge of 
sales of the Moore jig borer and the 
Moore jig grinder and of the Tool and 
Die Division. 


New Jersey and New York 


Srar Evectric Moror Co. and its 
affiliate, Stak EQUIPMENT CORPORATION, 
200 Bloomfield Ave., Bloomfield, N. J., 
announce the appointment of a new 
executive staff. The changes were 
brought about by the death of Carl M. 
Peterson, co-founder of the company, 
who served as secretary and treasurer 
of both organizations, and also as a 
result of the company’s expansion. 
Ervin E. HALLANDER has been made 
first vice-president of both concerns; 
Ivor C. PETERSON, vice-president in 
charge of sales; and R. J. Gasu, sec- 
retary and treasurer. Raymonp E. 
HOLLANDER becomes vice-president in 
charge of planning and purchasing 
for the motor company, while Frep 
EBERHARDT becomes vice-president and 
general manager of the equipment 
corporation. Ervin E. HALLANDER, in 
addition to holding the position of first 
vice-president, serves as general man- 
ager of the motor company. Emit E. 
HOLLANDER continues as president. 


RONALD S. WALKER has become east- 
ern sales manager for the Stokerunit 
Corporation, Milwaukee, Wis., with 
headquarters at 1 Collins Ave., Bloom- 
field, N. J. Mr. Walker was formerly 
with the Harrington-Wilson-Brown Co., 
New York City, and previous to that 
was with the Barnes Drill Co., Rock- 
ford, Il. 


FREDERICK §. Rowe, who joined the 
Westinghouse Lamp Division, Bloom- 
field, N. J., as a production clerk, has 
been appointed manager of electronic- 
tube production and stocks. WiLL1aAmM 
J. Knocnet has been made assistant 
superintendent of electronics manufac- 
turing. 


Grozer Fite Co. of AMERICA, Manu- 
facturer of rotary files and importer of 
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precision Swiss files, announces that it 
has more than doubled the factory area 
of its New York plant at 421 Canal St. 


Ohio 


CINCINNATI MILLING MACHINE CoO., 
Cincinnati, Ohio, has announced the 
following executive appointments: 
MILLARD ROMAINE has returned to the 
company, following two years’ service 
with the War Production Board, to 
assume his new duties as assistant to 
the president. He was formerly sales 
manager of the company. Lester F. 
NENNINGER, engineering department 
head, has been made works manager, 
succeeding W. PEASLEE, who recently 
retired from active service. Mr. Nen- 
ninger will be in charge of engineer- 
ing, works, and production. Swan E. 
Bercstrom, formerly manager of the 
company’s Detroit office, and recently 
assistant sales manager, has been ap- 
pointed sales manager. 


A. J. WEATHERHEAD, JR., president of 
the Weatherhead Co., Cleveland, Ohio, 
was recently presented with a citation 
for “inventive ingenuity which resulted 
in war production designs that save 
large quantities of critical materials, 
and many machines and man-hours.” 
The citation was presented by Colonel 
Harold M. Reedall, chief of Cleveland 


Ordnance District, at a ceremony 
held at the Weatherhead plant on 
May 17. Mr. Weatherhead received 


this honor for his work in connection 
with steel tubing for primers. He is 
one of six people throughout the coun- 
try who have received this citation. 


F. M. BEAUREGARD has been appointed 
works manager of Willys-Overland 
Motors, Inc., Toledo, Ohio. Mr. Beaure- 
gard has had more than twenty-five 
years’ experience in the manufacturing 
field. For the last two years, he has 
been general works manager of the 
Crosley Corporation, Cincinnati, Ohio. 
Prior to that time, he was associated 
with the Nash-Kelvinator Corporation 
for eleven years, and with the West- 
inghouse Electric & Mfg. Co., at Spring- 
field, Mass., for four years. 


CarL H. VAuPeEL has been appointed 
assistant general manager of the 
Cooper-Bessemer Corporation’s two 
plants, at Mount Vernon, Ohio, and 
Grove City, Pa. Mr. Vaupel is a grad- 
uate of the University of Illinois, 1924. 
Previous to becoming connected with 
the Cooper-Bessemer organization, he 
was with Fairbanks, Morse & Co., the 
Northern Pump Co., and the Aircraft 
& Diesel Equipment Corporation. He 
has been with the Cooper-Bessemer 
Corporation since 1941. 


PRECISION Propucts, INc., is a new 
concern organized to manufacture pre- 
cision tools, dies, and small aircraft 





parts, and to handle accurately tooled 
small jobs. The president of the com- 
pany is W. L. Davis, formerly vice. 
president and general manager of the 
Romec Pump Co., of Elyria, Ohio. The 
new organization has acquired the 
plant, equipment, and personnel of the 
KRAUSE ENGINEERING Co. at 1876 E, 
18th St., Cleveland, Ohio. 


Rice Toor Co., Elyria, Ohio, manu- 
facturer of Ridgid pipe tools, has 
moved from North Ridgeville into a 
remodeled plant in Elyria which pro- 
vides five times the working space of 
the old factory. 


WILLARD A, LULI, engineer with the 
Cooper-Bessemer Corporation for the 
last eight years, has been promoted to 
factory production representative for 
the company’s two plants at Mount 
Vernon, Ohio, and Grove City, Pa. 


W. K. Cooper has been named vice- 
president in charge of sales of the 
Aviation Corporation, Cleveland, Ohio. 
His office will be located at 1155 Six- 
teenth St., N.W., Washington, D. C. 


Pennsylvania 


Rogert R. ZIseTTE has been ap- 
pointed general sales manager of SKF 
Industries, Inc., Philadelphia, Pa., 
manufacturers of ball and roller bear- 
ings. Mr. Zisette has been connected 
with the SK F organization since his 
graduation from Yale University in 
1921 with the degree of mechanical 
engineer. He was previously district 
manager of the Cincinnati office, and 
more recently held the position of as- 
sistant sales manager. 


V. H. Pererson, for the last two 
years vice-president of the Elliott Co., 
has been appointed assistant to the 
president of the Baldwin Locomotive 
Works, Philadelphia, Pa. Mr. Peterson 
graduated from the Rensselaer Poly- 
technic Institute in 1925 with a degree 
in mechanical engineering. 


A. P. pE SANNO & Son, INc., Phoenix- 
ville, Pa., manufacturers of Radiac 
grinding wheels and abrasive cut-off 
machines, have opened a new office in 
Philadelphia, Pa., where a large cut-off 
laboratory will also be maintained and 
the company’s machines will be ex- 
hibited. 


Louis G. Marini has been appointed 
assistant general manager of the Alloy 
Rods Co., York, Pa. Mr. Marini was 
formerly process engineer in charge of 
the production of arc-welding elec- 
trodes for the Westinghouse Electric 
& Mfg. Co. at Trafford, Pa. 


Max PIscHKE has become acting 
district manager of the Pittsburgh 
district sales office of the Allegheny 
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SPIRAL POINT TAP 


TAKE (1) All your dull or worn taps 
(2) “Detroit” Tap reconditioning wall chart. as illustrated 


(3) “Detroit” Tap Reconditioner 
Then grind taps on the Reconditioner according to instructions on the 
wall chart and put them back to work — as good as new. 
If you don’t have a copy of this wall chart, write for one today on your 


company letterhead. Ask for Chart No. RTC. 


DETROIT TAP & TOOL CO. 


8432 BUTLER STREET, DETROIT. MICHIGAN, U.S.A. 
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Ludlum Steel Corporation, succeeding 
Rosert H. Giese, former district man- 
ager, who has accepted a commission 
in the U. S. Navy. 


McKENNA MeErats Co., 147 Lloyd 
Ave., Latrobe, Pa., has taken over the 
sales, engineering, and _ service of 
Grayson-Kennametal milling cutters 
made by the Grayson Mfg. Co. 


Wisconsin 


C. K. Swarrorp, works manager and 
member of the board of directors of 
the Gisholt Machine Co., Madison, Wis., 
has been elected a vice-president of 
that firm. Mr. Swafford entered the 
employ of the Gisholt organization in 
1913. Shortly after the United States 
entered into the first World War, he 
left the company, but returned in 1930 
as works manager, in which capacity 
he will also continue to serve. 


KEARNEY & TRECKER CORPORATION, 
Milwaukee, Wis., announces the elec- 
tion of the following officers: J. L. 
TRECKER, executive vice-president; R. 
W. Burk, vice-president in charge of 
sales; E. W. Trecker, vice-president 
in charge of manufacturing; J. B. 
ARMITAGE, vice-president in charge of 
engineering; FRANCIS J. TRECKER, sec- 
retary; and R. L. Biscnorr, treasurer 
and assistant secretary. 


Coming Events 


SEPTEMBRPR 30-OcTOBER 2 
Engineering and Production 
of the Soctrery or 
NEERS at the Biltmore Hotel, Los 
Angeles, Calif. John A. C. Warner, 
secretary and general manager, 29 W. 
39th St., New York City. 


Aircraft 
Meeting 
AUTOMOTIVE ENGI- 


DECEMBER 6-11—NINETEENTH EXposi- 
TION OF CHEMICAL INDUSTRIES at the 
Madison Square Garden, New York 
City. For further information, address 
International Exposition Co., 480 Lex- 
ington Ave., New York City. 


The extent to which the War Pro- 
duction Board’s copper recovery cam- 
paign has aided the war effort is 
indicated by the fact that early in 
June 197,000,000 pounds of “idle and 
excessive” copper, both in primary and 
fabricated forms, had been allocated 
for war use. The industrial scrap re- 
covery campaign is being continued, 
since still larger quantities of copper 
are urgently required. 





250—MACHINERY, July, 1943 


Earle D. Parker 


Earle D. Parker, vice-president and 
general works manager of the Barber- 
Colman Co., Rockford, Ill., died sud- 
denly on June 12, following a heart 
attack, at the age of sixty-three years. 
Mr. Parker was stricken while work- 
ing on his farm near Durand, Ill. He 
had been at his office as usual until 
noon on Saturday, the day he died. 

Mr. Parker was born in Dubuque, 
Iowa, on December 4, 1879. After 
graduating from Cornell University 
with the degree of mechanical engi- 
neer, he worked for the Fairbanks 
Morse Co. in Beloit for two years, 
after which he became connected with 
the Barber-Colman Co., with whom 
he has been associated ever since. He 
had been general works manager for 
the last twenty years. Recently he 
was elected vice-president. 

Mr. Parker was a member of the 
board of directors of the Metal Cutting 
Tool Institute and a director of the 
Machinery and Allied Products Insti- 
tute. He also served on the Advisory 
Committee on Metal Cutting Tools of 
the War Production Board, and was 
active for years in the National 
Machine Tool Builders Association. 
He is survived by his widow, a daugh- 
ter—Mrs. Philip R. Bennett—and two 
sons, both of whom are in training in 
the Armed Services. 


R. H. CHApwick, assistant to the 
manager in charge of engineering at 
the Fort Wayne Works of the General 
Electric Co., died on May 29, after a 
brief illness, aged fifty-one years. 

Mr. Chadwick was born in Gardiner, 
Me., in 1892. He joined the General 
Electric organization in July, 1912, 
following his graduation from Brown 
University with the degree of B.S. in 


Electrical Engineering. He was ep. 
rolled in the “Test” Course at the Fort 
Wayne Works, and in i912, entered the 
Transformer Engineering Department, 
In 1926, he was appointed engineer of 
the Transformer Department at Fort 
Wayne, and continued in that capacity 
until April, 1941, when he was made 
assistant to the manager in charge of 
engineering. 

Mr. Chadwick was a member of the 
American Institute of Electrical Ep. 
gineers, and had served as president 
of the Fort Wayne Engineers Club. 


MarK HENRY DAMERELL, well Known 
in the forging industry, who for the 
last twenty-six years was connected 
with Wyman & Gordon Co., Worcester, 
Mass., died on May 16. Mr. Damerell 
was born in 1866 in Ludlow, Mo. He 
served an apprenticeship in a _ black- 
smith shop, which may account for his 
later achievements in the forging in- 
dustry. He was a self-educated type 
of engineer. In the earlier part of his 
life, he was connected with. the J. I, 
Case Co., Racine, Wis.; A. O. Smith 
Corporation, Milwaukee, Wis.; Lansing 
Drop Forge Co., Lansing, Mich.; and 
the Studebaker Corporation, South 
Bend, Ind. 

Mr. Damerell was a _ specialist in 
forging and in the construction of 
hammers and hydraulic forging equip- 
ment. He also designed a crankshaft 
twisting machine and a _ die-cutting 
machine, and, more recently. a large 
hydraulic extrusion press. 


ALEX OBERHOFFKEN, 
Expert Engineering Co., 17498 Mt. 
Elliott Ave., Detroit, Mich., died on 
May 11 at the age of sixty-one years. 
Mr. Oberhoffken was born in Munster, 
yermany, and studied engineering in 
that country before coming to the 
United States in 1904. From 1912 to 
1929, he was connected with the Ford 
Motor Co., in charge of tool design in 
the Tractor Plant at Dearborn, Mich.. 
where he also served as development 
engineer. For the next ten years he 
was connected with the Ingersoll Mill- 
ing Machine Co., Rockford, Ill. In 
1941, he formed, with Eric O. Heinrich, 
the Expert Engineering Co. He was 
responsible for many innovations in 
connection with hydraulic controls. 


partner in the 


Rosnert Emerson’ Brown, Pacific 
Coast division manager of the Electro 
Metallurgical Sales Corporation, New 
York City, died on May 26 at Belmont, 
Calif., at the age of forty-six year’. 
He had been ill for several months. 
Mr. Brown became connected with the 
Union Carbide & Carbon Corporation 
in 1920 at the Electro Metallurgica! 
Co.’s plant in Niagara Falls, N. Y. 
Later, he was transferred to the Pacific 
Coast division of this organization, of 
which he became division manager iD 
1940. He was a graduate of Lehigh 
University. 
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No.6 in a series showing 
why “TOMAHAWK” 
tools do a better job of both 
machining and helping the 
war effort. 


y at een xs had wooden handles 


Now many “TOMAHAWKS"” like this end mill from 
Genesee have ‘handles’ of machine steel, butt-welded to 


the high speed steel cutting end. 


In addition to conserving precious H.S.S., and simplify- 
ing production, the soft steel ‘handle’ improves the tool, 
since it provides hardness where hardness is needed (at 
the working end) and toughness and resilience where 


those are essential (in the shank). 


GENESEE TOOL COMPANY 


FENTON, MICHIGAN 
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New Gooks and Publications 


THE FoOREMAN’S HANDBOOK. 
Carl Heyel. 410 pages, '5 by 7% 
inches. Published by the McGraw- 
Hill Book Co., Inc., 330 W. 42nd 
St., New York City. Price, $3. 


Foremen who want to make the most 
of their jobs and prepare themselves 
for larger responsibilities will be in- 
terested in this new reference manual. 
The contents embrace all phases of the 
foreman’s work—from direct day-to- 
day responsibilities in handling people 
and supervising production to the 
background of economic and manage- 
ment fundamentals. The eighteen 
chapters, each of which is written by 
an expert, cover the following sub- 
jects: A Breakdown of the Foreman’s 
Job; the Foreman as a Leader; Quality 
Control and Waste Reduction; Plan- 
ning and Scheduling; Time Study and 
Methods Improvement; Cost Control 
by Foremen; the Foreman’s Training 
Responsibilities; What to Do about 
Safety; Industrial Fatigue; Special 
Problems in Supervising Women; 
Modern Wage-Payment Plans; Job 
Evaluation; Merit Rating of Em- 
ployes; the Tools of Industrial Psy- 
chology; the Background of Scientific 
Management; Forms of Industrial Or- 
ganization; What the Foreman Should 
Know about Economics; and What the 
Foreman Should Know about Labor 
Legislation. 


Edited by 


MECHANICAL VIBRATIONS. By R. K. 
Bernhard. 139 pages, 6 by 9 inches. 
Published by the Pitman Publish- 
ing Corporation, 2 W. 45th St., 
New York City. Price, $3. 


Because of the trend of engineering 
development toward increasing speeds 


and heavier loads involving higher 
dynamic stresses, the science of me- 
chanical vibrations assumes an ever 
increasing importance. The aim of this 
book is to give students and practicing 
engineers who have not studied 
dynamics and who are interested in 
mechanical vibrations an introduction 
to this important field. It is not the 
purpose to give a complete treatment 
of the subject, which would require the 
application of higher mathematic¢. The 
first part of the book discusses physi- 
cal phenomena and their significance 
in engineering dynamics. The second 
part deals with the measuring tech- 
nique, and describes typical dynamic 
instruments and testing methods. 


A CouRSsE IN PowbverR METALLURGY. 
Walter J. Baeza. 212 pages, 6 by 
9 inches. Published by the Rein- 
hold Publishing Corporation, 330 
W. 42nd St., New York City. 
Price, $3.50. 
The interest in the rapidly develop- 
ing field of powder metal‘urgy makes 


By 
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a new book on this subject especially 
timely. This book, written principally 
for students and instructors, is divided 
into three sections: The first section 
contains material comprising a series 
of lectures on the history of powder 
metallurgy, modern applications, and 
laboratory and plant processes. It 
covers production of metal powders, 
powder specifications, classification of 
particle size, cohesion, and manufac- 
turing problems and machines. 

The second section gives suggestions 
for assigning experiments to students. 
The necessary equipment and mate- 
ria s, together with their cost. are 
listed. This section should be a useful 
ruide to industrial organizations plan- 
ning a research or development 
laboratory. The third section of the 
book outlines fifteen experiments, each 
of which can be performed in’one or 
two four-hour laboratory periods. 


A.S.T.M. Sranparps (1942). 1643 
pages, 6 by 9 inches. Published by 
the American Society for Testing 
Materials, 260 S. Broad St., Phila- 
delphia, Pa. Price, $9. 

This book of A.S. T. M. standards is 
published every three years. The 1942 
book is issued in three parts, of which 
this is the first. This part is devoted 
to ferrous and non-ferrous metals. It 
covers 355 different standards, includ- 
ing those formally adopted by the So- 
ciety, as well as tentative standards. 
The present edition, in view of the war 
emergency, aso includes emergency 
standards and emergency alternative 
provisions in A.S.T.M. standards is- 
sued in the interest of expediting pro- 
curement or conservation of materials. 
The two other sections of the 1942 
book of standards deal with non-metal- 
lic materials (constructional) and non- 
metallic materials (general). 


RESISTANCE WELDING MANUAL. 
pages, 6 by 9 inches. Published 
by the Resistance Welder Manu- 
facturers’ Association, 505 Arch 
St., Philadelphia, Pa. Price, $2.50. 


This welding manual has been pre- 
pared to fill the need for an accurate, 
comprehensive, and practical reference 
book on resistance welding processes. 
It covers the fundamental principles 
of resistance welding; the various 
types of resistance welding processes; 
resistance welding machines; controls 
and timing devices; electrodes, elec- 
trode-holders, and conductors; and 
definitions and symbols. 
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THE PRACTICAL OUTLINE OF MECHAN- 
IcAL TRADES FOR Home Srupy. 
Edited by William L. Schaaf. 954 
pages, 5 1/2 by 8 1/2 inches. Pub- 
lished by the Garden City Pub- 


lishing .. ™., 14 W. 49th St, 
New York City. Price, $3.95. 

This bo~k has been written with the 

aim of providing an _ authoritative 
reading cource of training in the me. 
chanical trades. It covers fourteen 
eubjects, each of which is presented 
by experien’ed teachers. The subjects 
covered include machine shop prac. 
tice; woodworking and patternmak. 
ing: met] tradec: electrical trades: 
trade and mechanical drawing; arith. 
metic; algebra; practica’ geometry; 
shop trigonometry; applied physies: 
strength of materials; practical chem. 
istry: materials of trade and industry: 
and machine elements. 
Atr NAVIGATION FOR BEGINNERS. By 
Scott G. Lamh. 103 pages, 5 by 8 
inches. Published by the Norman 
W. Henley Publishing Co., 17 W. 
45th St.. New York City. Price, 
$1.50. 

This book. written by a retired 
licutenant rommander of the United 
States Navv and inctructor in naviga- 
tion in the /ir-Mar Navigation Schools 
of the Franklin Institute of Philadel- 
phia, is intended as a text for second- 
ary schools and individual students 
starting the study of air navigation. 
It is designed to provide the students 
with a nreroretory knowledge of the 
problems later to be encountered in 
aerial navigation, wether commercial 
or military. 


COMBUSTION-CHAMBER DES!GN FoR OIL 
ENGINES. By Paul Belyavin. 87 
pages, 5 by 7 inches. Published 
by the Sherwood Press, Box 552. 
Edgewater Branch, Cleveland, 0. 
Price, $1.50. 


This little booklet describes the 
principles of design of the combustion 
chamer for oil engines with mechan- 
ical injection of fuel. It discusses the 
basic rejuirements of design, heat 
losses during combustion, importance 
of the correct shape of combustion 
chamber, efficiency of fue! injection 
and its influence on combustion, com- 
bustion chamber efficiency, and the in- 
fluence of fuel oil on smoothness of 
combustion, etc. 


INDUSTRIA!. INSPECTION AND ASSEMBLY. 
By Edward N. Whittington. 202 
pages. 5 1/2 by 8 inches. Pub 
lished by the McGraw-Hill Book 
Co.. Inc.. 330 W. 42nd St., New 
York City. Price, $1.75. 


This book has been written to serve 
as a manual for workers in the war 
industries. as well as for students in 
vocational high schools and _ trade 
schools. The subjects dealt with in 
clude general factory procedures, the 
use of common hand tools. simple 
mathematics, blueprint reading, lathe 
operation. incnection procedures an 
tools, precision instruments. cutting 
tools, ete 
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p** AMERICAN AIRWAYS is rendering 
an invaluable service to the United 
Nations confronted with the problems of 


commercial transportation during war times. 


This service is made possible through 
scientific progress and the use of modern 
developments to produce and maintain 
equipment operating at maximum efficiency. 


On their electric furnaces Pan American 
relies on Brown Potentiometer Controllers 
to maintain the precise temperature for 
perfect heat treatment of parts used in their 
Clippers — parts that must stand the terrific 












¥ 


Vs Kely On - 


* 






























Brown Control Potentiometer Installed on Electric 
Furnace for Hea: Treating Metal Purts in the Pan 
American Airway Clippers. 


strain of high speed, vibration and force of 


the elements. 


In thousands of other plants manufactur- 
ing aeroplanes, guns, tanks, munitions, etc., 
you will find Brown Potentiometers on 
duty, measuring and controlling the tem- 
peratures of important processes—guarding 
against spoilage —improving quality —step- 
ping up production of war materials. These 
are essentially the road to Victory and we 
are proud of the important role Brown 
Instruments are playing in the nation-wide 


drive for maximum production and output. 


BROWN POTENTIOMETER CONTROLLERS 


THE BROWN INSTRUMENT COMPANY, 4485 WAYNE AVENUE, PHILADELPHIA, PENNSYLVANIA 






DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR CO. 


MINNEAPOLIS, MINNESOTA, AND 119 PETER STREET, TORONTO, CANADA 


Wadsworth Road, Perivale, Middlesex, England 
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